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Description

Technical field

[0001] The present invention relates to computer gen-
erated images and, more particularly, to generating im-
ages using a computer based on a dynamically modifia-
ble environment.

Background

[0002] In computer simulation, an important aspect is
to credibly replicate an actual environment where various
dynamic events may be triggered (e.g., collision or ex-
plosion causing damages to a modeled structure, etc.).
In order to remain credible, the image generation in the
computer simulation has to take these events into ac-
count while maintain a rate that is high enough to be seen
as fluid from the user perspective. However, a lot of ma-
terial resources (e.g., processing power, memory
and/storage space, etc.) is required to dynamically con-
sider such dynamic events (for instance, especially in a
multi-user environment). Consequently, it is often nec-
essary to let go of some level of accuracy to remain within
accessible material resources. Document "Real-Time
Collision Deformations using Graphics hardware", Pawel
Wrotek, Alexander Rice, Morgan McGuire, 2005, pages
1-17, XP002780928, discloses a method to perform de-
formations in a 3D model in real-time based on collisions ,
by manipulating the model’s bump-map.
[0003] The present invention as defined by the ap-
pended claims aims at improving the manner in which
dynamic events are considered during a computer sim-
ulation while taking into consideration usage of the ma-
terial resources.

Summary

[0004] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0005] A first aspect of the present invention in accord-
ance with a first set of embodiments is directed to a meth-
od according to claim 1 for rendering damaged-enhanced
images in a computer simulation that comprises a com-
puter generated environment. The method comprises,
during the computer simulation, determining coordi-
nates, in the computer generated environment, of a vir-
tual impact having an effective radius and identifying, at
the coordinates, a first plurality of rendering faces affect-
ed by the virtual impact considering the effective radius.
The first plurality of rendering faces is associated with at
least one three dimensional (3D) polygon mesh of the
computer generated environment. The method then fol-

lows with clipping the first plurality of rendering faces to
a mathematically-defined subtraction shape computed
considering the effective radius, wherein the mathemat-
ically -defined subtraction shape is preferably a sphere
or a spheroid expressed by a single mathematical for-
mula, computing a second plurality of rendering faces
from the clipped first plurality of rendering faces, thereby
defining at least one newly formed 3D polygon mesh and
rendering at least one damaged-enhanced image for dis-
play comprising a subset of the second plurality of ren-
dering faces using a visual texture, the subset being de-
termined from a field of view of the computer simulation.
[0006] The method for rendering the damaged-en-
hanced images may be performed at runtime by a de-
centralized processing unit in a limited number of milli-
seconds. The dedicated processing unit may be associ-
ated with a simulated vehicle of the computer generated
environment and the field of view may thus be defined
from a user’s position within the simulated vehicle. The
method may optionally further comprise, at a centralized
processing unit, computing the at least one newly formed
3D polygon mesh from the determined coordinates and
persistently updating a storage module associated to the
simulation with the at least one newly formed 3D polygon
mesh. The computing at the centralized processing unit,
in this example, is performed independently from the de-
centralized processing unit and in non-real-time priority
processing.
[0007] Computing the at least one newly formed 3D
polygon mesh at the centralized processing unit may be
performed using a second mathematically-defined sub-
traction shape more complex than the mathematically-
defined subtraction shape used at the decentralized
processing unit.
[0008] The method may also comprise, at a second
decentralized processing unit of the computer simulation,
loading the at least one newly formed 3D polygon mesh
data from the storage module. The second decentralized
processing unit may be associated with a second simu-
lated vehicle of the computer generated environment
having a second field of view defined from a second us-
er’s position within the second simulated vehicle. The
loading may be performed when the at least one newly
formed 3D polygon mesh enters the second field of view.
The method may alternatively also comprise, at the sec-
ond decentralized processing unit and when the second
field of view comprises the 3D polygon mesh at the mo-
ment of the virtual impact, computing, in parallel to the
decentralized processing unit, the at least one newly
formed 3D polygon mesh from the determined coordi-
nates.
[0009] The rendering faces may be triangles.
[0010] The method for rendering the damaged-en-
hanced images may further comprise, before beginning
the computer simulation (e.g., at the centralized process-
ing unit), loading the computer generated environment
from a storage module and identifying one or more
opened polygon meshes forming non-watertight meshes
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in the computer generated environment (e.g., identifying
may be performed by computing one or more connectivity
graphs). The method may then further comprise, for each
identified opened polygon mesh, attempting to close the
corresponding polygon mesh and, if not possible, mark-
ing the corresponding polygon mesh as un-damageable
and, prior to identifying the first plurality of rendering fac-
es, verifying that the at least one 3D polygon mesh is not
marked as un-damageable in the database.
[0011] The method for rendering the damaged-en-
hanced images may also further comprise, before clip-
ping, determining that each of the at least one 3D polygon
mesh forms a watertight mesh.
[0012] The method for rendering the damaged-en-
hanced images may optionally comprise, after determin-
ing the coordinates, rendering at least one temporary im-
age for display comprising a distracting visual effect at
the determined coordinates at least until rendering the
at least one damaged-enhanced image is performed.
[0013] The method for rendering the damaged-en-
hanced images may further comprise, after identifying
the affected first plurality of rendering triangles, buffering
the first plurality of rendering triangles thereby allowing
undoing the clipping.
[0014] The mathematically-defined subtraction shape
is a sphere or a spheroid expressed by a single mathe-
matical formula.
[0015] The method for rendering the damaged-en-
hanced images may also further comprise, after comput-
ing the second plurality of rendering faces, testing the at
least one newly formed 3D polygon mesh for loops.
[0016] Rendering the second plurality of rendering fac-
es may further comprise applying a damage texture, fad-
ing outwardly from the coordinates and exceeding the
effective radius, on a subset of the second plurality of
rendering faces corresponding to surfaces previously
represented in at least the first plurality of rendering fac-
es.
[0017] A second aspect of the present invention in ac-
cordance with a first set of embodiments is directed a
computer system according to claim 9 for rendering dam-
aged-enhanced images in a computer simulation com-
prising a computer generated environment, The compu-
ter system comprises a processor module for, i. during
the computer simulation, determining coordinates, in the
computer generated environment, of a virtual impact hav-
ing an effective radius and ii. identifying, at the coordi-
nates, a first plurality of rendering faces affected by the
virtual impact considering the effective radius. The first
plurality of rendering faces is associated with at least one
three dimensional (3D) polygon mesh of the computer
generated environment. The processor module is also
for iii. clipping the first plurality of rendering faces to a
mathematically-defined subtraction shape computed
considering the effective radius, wherein the mathemat-
ically -defined subtraction shape is preferably a sphere
or a spheroid expressed by a single mathematical for-
mula and iv. computing a second plurality of rendering

faces from the clipped first plurality of rendering faces,
thereby defining at least one newly formed 3D polygon
mesh. The processor module also comprises an image
generator module for rendering at least one damaged-
enhanced image for display comprising a subset of the
second plurality of rendering faces using a visual texture,
the subset being determined from a field of view of the
computer simulation.
[0018] The processor module may comprise a decen-
tralized processing unit associated with a simulated ve-
hicle of the computer generated environment and the
field of view may be defined from a user’s position within
the simulated vehicle, the decentralized processing unit
performing i. to iv.
[0019] A centralized processing unit (e.g., of the proc-
essor module or of another computer system) may further
be for computing the at least one newly formed 3D pol-
ygon mesh from the determined coordinates and storing
the computed at least one newly formed 3D polygon
mesh in a storage module (e.g., the storage module being
associated with the computer simulation, comprised in
the computer system or connected to the computer sys-
tem). Computing at the centralized processing is per-
formed independently from to the decentralized process-
ing unit and in non-real-time priority processing.
[0020] The centralized processing unit may compute
the at least one newly formed 3D polygon mesh using a
second mathematically-defined subtraction shape more
complex than the mathematically-defined subtraction
shape used at the decentralized processing unit.
[0021] A second decentralized processing unit of the
computer simulation (e.g., in the computer system or in
network communication with the computer system) may
load the at least one newly formed 3D polygon mesh data
from the storage module. The second decentralized
processing unit may be associated with a second simu-
lated vehicle of the computer generated environment
having a second field of view defined from a second us-
er’s position within the second simulated vehicle. The
loading may be performed when the at least one newly
formed 3D polygon mesh enters the second field of view.
The second decentralized processing unit, when the sec-
ond field of view comprises the 3D polygon mesh at the
moment of the virtual impact, may also compute, in par-
allel to the decentralized processing unit, the at least one
newly formed 3D polygon mesh from the determined co-
ordinates.
[0022] The rendering faces are triangles.
[0023] The processor module may also further be for,
before beginning the computer simulation, loading the
computer generated environment from a memory mod-
ule (e.g., at the decentralized processing unit or at the
centralized processing unit) and for identifying one or
more opened polygon meshes forming non-watertight
meshes in the computer generated environment. The
processor module may perform the identifying by com-
puting connectivity graphs.
[0024] The processor module may further be for, for
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each identified opened polygon mesh, attempting to
close the corresponding polygon mesh and, if not possi-
ble, marking the corresponding polygon mesh as un-
damageable in the storage module and, prior to identify-
ing the first plurality of rendering faces, verifying that the
at least one 3D polygon mesh is not marked as un-dam-
ageable in the storage module.
[0025] The processor module may further be for, be-
fore clipping, determining that each of the at least one
3D polygon mesh forms a watertight mesh.
[0026] The image generator module may further be for,
after determination of the coordinates by the processor
module, rendering at least one temporary image for dis-
play comprising a distracting visual effect at the deter-
mined coordinates at least until rendering the at least one
damaged-enhanced image is performed.
[0027] The processor module may further be for, after
identifying the affected first plurality of rendering trian-
gles, buffering the first plurality of rendering triangles
thereby allowing undoing the clipping.
[0028] The mathematically-defined subtraction shape
may be a sphere or a spheroid expressed by a single
mathematical formula.
[0029] The processor module may further be for, after
computing the second plurality of rendering faces, testing
the at least one newly formed 3D polygon mesh for loops.
[0030] The image generator module may render the
second plurality of rendering faces by further applying a
damage texture, fading outwardly from the coordinates
and exceeding the effective radius, on a subset of the
second plurality of rendering faces corresponding to sur-
faces previously represented in at least the first plurality
of rendering faces.
[0031] Also described herein is a method for rendering
plausible images of a three-dimensional (3D) polygon
mesh in a computer simulation comprising a computer
generated environment. The method comprises, on the
3D polygon mesh defined using a plurality of vertices
providing a plurality of rendering faces, determining an
anchor point from at least three of the plurality of vertices
and, for each one of the rendering faces of the 3D polygon
mesh, determining whether a path exists towards the an-
chor point and, when the path does not exist, removing
the one rendering face from the 3D polygon mesh into
an updated 3D polygon mesh. The method then follows
with rendering the updated 3D polygon mesh for display
comprising a subset of the plurality of rendering faces
using a visual texture, the subset being determined from
a field of view of the computer simulation.
[0032] Optionally, the method for rendering the plau-
sible images may further comprise computing a connec-
tivity graph representing the 3D polygon mesh from the
plurality of rendering faces. In this example, when the
path does not exist towards the anchor point, removing
the one rendering face is performed by removing the one
rendering face from the connectivity graph into an updat-
ed connectivity graph representing the updated 3D pol-
ygon mesh.

[0033] The method for rendering the plausible images
may be performed at runtime by a decentralized process-
ing unit in a limited number of milliseconds, the dedicated
processing unit being associated with a simulated vehicle
of the computer generated environment, wherein the field
of view is defined from a user’s position within the simu-
lated vehicle. The dedicated processing unit may be as-
sociated to the simulated vehicle as a part of a training
device comprising at least one display screen positioned
considering the user’s position and at least one simulated
instrument of the simulated vehicle.
[0034] The method for rendering plausible images may
further comprise, before determining whether the path
exists towards the anchor point and following a virtual
impact on the 3D polygon mesh affecting at least one
impacted rendering face from the plurality of rendering
faces, replacing, at runtime, the at least one impacted
rendering face with a plurality of new rendering faces.
[0035] The method for rendering plausible images may
also further comprise, before rendering the updated 3D
polygon mesh, at runtime, determining a center of mass
of a part the updated 3D polygon mesh from a plurality
of vertices associated with the part; at runtime, determin-
ing that the part of the 3D polygon mesh is unstable from
the perspective of the anchor point considering a virtual
gravity force applied in the simulation; at runtime, iden-
tifying a subset of unstable rendering faces from the plu-
rality of rendering faces on the unstable part and, at runt-
ime, removing the unstable rendering faces from the up-
dated 3D polygon mesh. In this example, identifying the
unstable rendering faces may further comprises append-
ing new rendering faces to close the updated 3D polygon
mesh. The updated 3D polygon mesh may have an as-
sociated virtual tensile strength and a virtual density val-
ue and removing the unstable rendering faces may fur-
ther be performed only when a virtual collapsing pres-
sure, computed from the virtual density value for a ful-
crum area of the unstable part compared to the center
of mass, exceeds the virtual tensile strength. Determining
that the part is unstable may be performed by locating a
narrow link surrounding the virtual impact on the updated
3D polygon mesh, the narrow link defining a fulcrum area
between the part and a second part of the updated 3D
polygon mesh connected to the anchor point and deter-
mining that the part is unstable when the structure above
the narrow link is not connected to the anchor point and
the center of mass is not above the fulcrum area. Locating
the narrow link in the updated 3D polygon mesh may be
performed by identifying, surrounding the virtual impact,
a lowest isolated vertex from the plurality vertices and,
until the narrow link is located or until a performance-
based threshold is reached, determining the narrow link
as the minimum fulcrum area between the part and the
second part connected to the anchor point starting from
a horizontal plane at the lowest isolated vertex and con-
sidering the closest neighbor vertices thereof.
[0036] The method for rendering the plausible images
may further comprise, at a centralized processing unit,
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removing the one rendering face into the updated 3D
polygon mesh independently from the decentralized
processing unit and in non-real-time priority processing.
[0037] Also described herein is a method for rendering
plausible images of a three-dimensional (3D) polygon
mesh in a computer simulation comprising, on the 3D
polygon mesh defined using a plurality of vertices pro-
viding a plurality of rendering faces, determining an an-
chor point from at least three of the plurality of vertices,
at runtime, determining a center of mass of a part the 3D
polygon mesh from the plurality of vertices associated
with the part and, at runtime, determining that the part of
the 3D polygon mesh is unstable from the perspective of
the anchor point considering a virtual gravity force ap-
plied in the simulation. The method may also comprise,
at runtime, removing a subset of unstable rendering faces
from the plurality of rendering faces on the unstable part
into an updated 3D polygon mesh and rendering the up-
dated 3D polygon mesh for display comprising a subset
of the plurality of rendering faces using a visual texture,
the subset being determined from a field of view of the
computer simulation.
[0038] Determining that the part is unstable may be
performed by locating a narrow link surrounding a virtual
impact affecting at least one impacted rendering face
from the plurality of rendering faces on the 3D polygon
mesh, the narrow link defining a fulcrum area between
the part and a second part of the 3D polygon mesh con-
nected to the anchor point and determining that the part
is unstable when the structure above the narrow link is
not connected to the anchor point and the center of mass
is not above the fulcrum area. The method may also com-
prise, following a virtual impact on the 3D polygon mesh
affecting at least one impacted rendering face from the
plurality of rendering faces, replacing, at runtime, the at
least one impacted rendering face with a plurality of new
rendering faces. Locating the narrow link in the 3D pol-
ygon mesh may be performed by identifying, surrounding
the virtual impact, a lowest isolated vertex from the plu-
rality vertices and, until the narrow link is located or until
a performance-based threshold is reached, determining
the narrow link as the minimum fulcrum area between
the part and the second part connected to the anchor
point starting from a horizontal plane at the lowest iso-
lated vertex and considering the closest neighbor verti-
ces thereof.
[0039] The method for rendering the plausible images
may further comprise, at a centralized processing unit,
removing the one rendering face from the 3D polygon
mesh independently from the decentralized processing
unit and in non-real-time priority processing.
[0040] Also described herein is a computer system for
rendering plausible images of a three-dimensional (3D)
polygon mesh in a computer simulation. The computer
system comprises a memory module and a processor
module. the memory module is for storing respective rep-
resentations of a plurality of 3D polygon meshes of the
computer simulation, the plurality of 3D polygon meshes

being determined from at least a field of view of the com-
puter simulation. The processor module is for, on a 3D
polygon mesh, of the plurality of 3D polygon meshes,
defined using a plurality of vertices providing a plurality
of rendering faces, determining an anchor point from at
least three of the plurality of vertices and, for each one
of the rendering faces of the 3D polygon mesh, deter-
mining whether a path exists towards the anchor point
and, when the path does not exist, removing the one
rendering face from the 3D polygon mesh into an updated
3D polygon mesh. The processor module is also for stor-
ing a representation of the updated 3D polygon mesh
into the memory module. The processor module com-
prises an image generator module for rendering the up-
dated 3D polygon mesh for display comprising a subset
of the plurality of rendering faces using a visual texture,
the subset being determined from the field of view of the
computer simulation.
[0041] The processor module may further be for com-
puting a connectivity graph from the plurality of rendering
faces as the representation of the 3D polygon mesh. in
this example, when the path does not exist towards the
anchor point, the processor module removes the one ren-
dering face by removing the one rendering face from the
connectivity graph into an updated connectivity graph
representing the updated 3D polygon mesh.
[0042] The processor module may also comprise a de-
centralized processing unit associated with a simulated
vehicle of the computer generated environment, wherein
the field of view is defined from a user’s position within
the simulated vehicle. A first training device may be as-
sociated with the decentralized processing unit, the first
training device comprising at least one display screen
positioned considering the user’s position and at least
one simulated instrument of the simulated vehicle.
[0043] The processor module may further, before de-
termining whether the path exists towards the anchor
point and following a virtual impact on the 3D polygon
mesh affecting at least one impacted rendering face from
the plurality of rendering faces, replace, at runtime, the
at least one impacted rendering face with a plurality of
new rendering faces.
[0044] The processor module may also, before render-
ing the updated 3D polygon mesh, at runtime, determine
a center of mass of a part of the updated 3D polygon
mesh from a plurality of vertices associated with the part;
at runtime, determine that the part of the updated 3D
polygon mesh is unstable from the perspective of the
anchor point considering a virtual gravity force applied in
the simulation; at runtime, identify a subset of unstable
rendering faces from the plurality of rendering faces on
the unstable part and, at runtime, remove the unstable
rendering faces from the updated 3D polygon mesh.
[0045] The processor module, when identifying the un-
stable rendering faces, may further append new render-
ing faces to the updated connectivity graph to close the
updated 3D polygon mesh.
[0046] The updated 3D polygon mesh may have an
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associated virtual tensile strength and a virtual density
value and the processor module may further remove the
unstable rendering faces only when a virtual collapsing
pressure, computed from the virtual density value for a
fulcrum area of the unstable part compared to the center
of mass, exceeds the virtual tensile strength.
[0047] The processor module may determine that the
part is unstable by locating a narrow link surrounding the
virtual impact on the updated 3D polygon mesh, the nar-
row link defining a fulcrum area between the part and a
second part of the updated 3D polygon mesh connected
to the anchor point and determining that the part is un-
stable when the structure above the narrow link is not
connected to the anchor point and the center of mass is
not above the fulcrum area.
[0048] The processor module may locate the narrow
link in the 3D polygon mesh by identifying, surrounding
the virtual impact, a lowest isolated vertex from the plu-
rality vertices and, until the narrow link is located or until
a performance-based threshold is reached, determine
the narrow link as the minimum fulcrum area between
the part and the second part connected to the anchor
point starting from a horizontal plane at the lowest iso-
lated vertex and considering the closest neighbor verti-
ces thereof.
[0049] A centralized processing unit of the computer
system may further remove the one rendering face into
the updated 3D polygon mesh independently from the
decentralized processing unit and in non-real-time prior-
ity processing.
[0050] Also described herein is a computer system for
rendering plausible images of a three-dimensional (3D)
polygon mesh in a computer simulation comprising a
memory module and a processor module. The memory
module is for storing respective representations of a plu-
rality
of 3D polygon meshes of the computer simulation. The
processor module is for, on the 3D polygon mesh, of the
plurality of 3D polygon meshes, defined using a plurality
of vertices providing a plurality of rendering faces, deter-
mining an anchor point from at least three of the plurality
of vertices. The processor module is further for, at runt-
ime, determining a center of mass of a part the 3D poly-
gon mesh from the plurality of vertices associated with
the part; at runtime, determining that the part of the 3D
polygon mesh is unstable from the perspective of the
anchor point considering a virtual gravity force applied in
the simulation and at runtime, removing a subset of un-
stable rendering faces from the plurality of rendering fac-
es on the unstable part into an updated 3D polygon mesh.
The processor module further comprises an image gen-
erator module for rendering the updated 3D polygon
mesh for display comprising a subset of the plurality of
rendering faces using a visual texture, the subset being
determined from a field of view of the computer simula-
tion.
[0051] The processor module may determine that the
part is unstable is by locating a narrow link surrounding

a virtual impact affecting at least one impacted rendering
face from the plurality of rendering faces on the 3D pol-
ygon mesh, the narrow link defining a fulcrum area be-
tween the part and a second part of the 3D polygon mesh
connected to the anchor point and determining that the
part is unstable when the structure above the narrow link
is not connected to the anchor point and the center of
mass is not above the fulcrum area.
[0052] The processor module may further be for, fol-
lowing a virtual impact on the 3D polygon mesh affecting
at least one impacted rendering face from the plurality of
rendering faces, replacing, at runtime, the at least one
impacted rendering face with a plurality of new rendering
faces. Locating the narrow link in the 3D polygon mesh
may be performed by identifying, surrounding the virtual
impact, a lowest isolated vertex from the plurality vertices
and, until the narrow link is located or until a performance-
based threshold is reached, determining the narrow link
as the minimum fulcrum area between the part and the
second part connected to the anchor point starting from
a horizontal plane at the lowest isolated vertex and con-
sidering the closest neighbor vertices thereof.
[0053] A centralized processing unit of the computer
system may further remove the one rendering face from
the 3D polygon mesh independently from the decentral-
ized processing unit and in non-real-time priority process-
ing.
[0054] Also described herein is a method for updating
damaged-enhanced three dimensional (3D)
polygon meshes in a computer simulation associated to
a storage module accessible to at least a first decentral-
ized simulation station, a second decentralized simula-
tion station and a centralized processing unit thereof. The
computer simulation comprises a computer generated
environment. The method comprises, at the first decen-
tralized simulation station, during the computer simula-
tion, determining coordinates of a virtual impact on a 3D
polygon mesh of the computer generated environment
and, at runtime, computing at least one newly formed 3D
polygon mesh from the virtual impact before rendering
at least one damaged-enhanced image of the at least
one newly formed 3D polygon mesh for display from a
first field of view of the first decentralized simulation sta-
tion. The method also comprises, at the second decen-
tralized simulation station, receiving the coordinates of
the virtual impact. The method also comprises, at the
centralized processing unit, receiving the coordinates of
the virtual impact, computing the at least one newly
formed 3D polygon mesh from the received coordinates
and persistently updating the storage module associated
to the simulation with the at least one newly formed 3D
polygon mesh. The computing at the centralized process-
ing unit is performed independently from the first decen-
tralized simulation station, in non-real-time priority
processing.
[0055] Computing the at least one newly formed 3D
polygon mesh from the virtual impact at the first decen-
tralized simulation station and at runtime may be per-
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formed without updating the storage module.
[0056] The first decentralized simulation station may
be associated to a first simulated vehicle of the computer
generated environment and the second decentralized
simulation station may be associated to a second simu-
lated vehicle of the computer generated environment. In
this example, the first field of view of the first decentral-
ized simulation station is defined from a user’s position
within the first simulated vehicle and a second field of
view of the second decentralized simulation station is
defined from a user’s position within the second simulat-
ed vehicle.
[0057] The method for updating damaged-enhanced
3D polygon meshes may further comprise, from the sec-
ond decentralized simulation station of the computer sim-
ulation, loading the at least one newly formed 3D polygon
mesh from the storage module when the at least one
newly formed 3D polygon mesh enters the second field
of view of the second decentralized simulation station.
[0058] Alternatively, the method for updating dam-
aged-enhanced 3D polygon meshes may further com-
prise, at the second decentralized simulation station and
upon receiving the coordinates of the virtual impact, com-
puting the at least one newly formed 3D polygon mesh
from the received coordinates. In this example, the com-
puting at the second decentralized simulation station is
performed at runtime independently (e.g., and in parallel)
from the first decentralized simulation station.
[0059] Computing the at least one newly formed 3D
polygon mesh at the centralized processing unit may be
performed using a second mathematically-defined sub-
traction shape more complex than the mathematically-
defined subtraction shape used at the decentralized sim-
ulation station(s).
[0060] The method for updating damaged-enhanced
3D polygon meshes may further comprise, at the first
decentralized simulation station, loading the at least one
newly formed 3D polygon mesh from the storage module
when the at least one newly formed 3D polygon mesh
reenters the first field of view.
[0061] The updating may performed by storing at least
one new file in a file system of the storage module cor-
responding to the at least one newly formed 3D polygon
mesh and storing at least one event in a database of the
storage module corresponding completion of the com-
putation of the at least one newly formed 3D polygon
mesh.
[0062] The storage module may comprise a file system
and computing at the centralized processing unit may
further comprise locating a latest version of a content file
in the file system that corresponds to the 3D polygon
mesh and verifying if at least one transaction marker file
associated with the content file exists, the at least one
transaction marker file indicating if the content file is cur-
rently subject to an ongoing transaction. When the con-
tent file is not currently subject to an ongoing transaction,
the method then comprises copying the content file into
a new content file on the file system, updating the new

content file with the at least one newly formed 3D polygon
mesh, a name of the new content file reflecting a newer
version compared to the latest version and updating the
at least one transaction marker file.
[0063] When the content file is currently subject to an
ongoing transaction, the method may further comprise
waiting until the at least one transaction marker file indi-
cates completion of the ongoing transaction, creating a
new start transaction marker file, a name of the new start
transaction marker file reflecting a newer version com-
pared to the name of the content file following the ongoing
transaction, updating the new content file with the at least
one newly formed 3D polygon mesh, the name of the
new content file reflecting the same version as the start
transaction file and creating a new end transaction mark-
er file, a name of the end transaction marker file reflecting
the same version as the start transaction marker file.
[0064] The storage module may comprise a file system
and the method may further comprise, after receiving the
coordinates of the virtual impact at the centralized
processing unit and before updating from the centralized
processing unit, receiving coordinates of a second virtual
impact on the 3D polygon mesh at the centralized
processing unit, locating a latest version of a content file
in the file system that corresponds to the 3D polygon
mesh, creating a first start transaction marker file, a name
of the first start transaction marker file reflecting a first
new version compared to the latest version, creating a
first new content file with the at least one newly formed
3D polygon mesh computed from the virtual impact, the
name of the first new content file reflecting the first new
version, creating a first end transaction marker file, a
name of the first end transaction marker file reflecting the
same version as the first start transaction marker file,
creating a second start transaction marker file, a name
of the second start transaction marker file reflecting a
second new version compared to the first new version,
creating a second new content file with the at least one
newly formed 3D polygon mesh computed from the sec-
ond virtual impact, the name of the second new content
file reflecting the second new version and creating a sec-
ond end transaction marker file, a name of the second
end transaction marker file reflecting the same version
as the second start transaction marker file.
[0065] Also described herein is a system for updating
damaged-enhanced three dimensional (3D) polygon
meshes in a computer simulation comprising a computer
generated environment. The computer system compris-
es a storage module associated with the computer sim-
ulation comprising a computer generated environment,
a first decentralized simulation station, a second decen-
tralized simulation station and a centralized processing
unit.
[0066] The first decentralized simulation station is for,
during the computer simulation, determining coordinates
of a virtual impact on a 3D polygon mesh of the computer
generated environment and, at runtime, computing at
least one newly formed 3D polygon mesh from the virtual

11 12 



EP 3 201 883 B1

8

5

10

15

20

25

30

35

40

45

50

55

impact before rendering at least one damaged-enhanced
image of the at least one newly formed 3D polygon mesh
for display from a field of view of the first decentralized
simulation station.
[0067] The second decentralized simulation station is
for receiving the coordinates of the virtual;
The centralized processing unit is for receiving the coor-
dinates of the virtual, computing the at least one newly
formed 3D polygon mesh from the determined coordi-
nates, wherein computing at the centralized processing
unit is performed independently from the first decentral-
ized simulation station, in non-real-time priority process-
ing and persistently updating the storage module asso-
ciated to the simulation with the at least one newly formed
3D polygon mesh.
[0068] The first decentralized simulation station may
compute the at least one newly formed 3D polygon mesh
from the virtual impact at and at runtime without updating
the storage module.
[0069] The first decentralized simulation station may
be associated to a first simulated vehicle of the computer
generated environment and the first field of view of the
first decentralized simulation station may thus be defined
from a user’s position within the first simulated vehicle.
The second decentralized simulation station may be as-
sociated to a second simulated vehicle of the computer
generated environment and a second field of view of the
second decentralized simulation station may thus be de-
fined from a user’s position within the second simulated
vehicle.
[0070] The second decentralized simulation station
may further load the at least one newly formed 3D poly-
gon mesh from the storage module when the at least one
newly formed 3D polygon mesh enters the second field
of view of the second decentralized simulation station.
[0071] Alternatively, the second decentralized simula-
tion station may further, upon receiving the coordinates
of the virtual impact, compute the at least one newly
formed 3D polygon mesh from the received coordinates.
In this example, the computing at the second decentral-
ized simulation station is performed at runtime independ-
ently (e.g., in parallel) from the first decentralized simu-
lation station.
[0072] Computing the at least one newly formed 3D
polygon mesh at the centralized processing unit may be
performed using a second mathematically-defined sub-
traction shape more complex than the mathematically-
defined subtraction shape used at the decentralized
processing unit.
[0073] The first decentralized simulation station may
further load the at least one newly formed 3D polygon
mesh from the storage module when the at least one
newly formed 3D polygon mesh reenters the first field of
view.
[0074] The centralized processing unit may performs
updating by storing at least one new file in a file system
of the storage module corresponding to the at least one
newly formed 3D polygon mesh and storing at least one

event in a database of the storage module corresponding
completion of the computation of the at least one newly
formed 3D polygon mesh.
[0075] The storage module may comprise a file system
and the centralized processing unit may perform the com-
puting by further locating a latest version of a content file
in the file system that corresponds to the 3D polygon
mesh and verifying if at least one transaction marker file
associated with the content file exists, the at least one
transaction marker indicating if the content file is currently
subject to an ongoing transaction. When the content file
is not currently subject to an ongoing transaction, the
centralized processing unit may further copy the content
file into a new content file on the file system, update the
new content file with the at least one newly formed 3D
polygon mesh, a name the new content file reflecting a
newer version compared to the latest version and update
the at least one transaction marker file.
[0076] When the content file is currently subject to an
ongoing transaction, the centralized processing unit may
further for wait until the at least one transaction marker
file indicates completion of the ongoing transaction, cre-
ate a new start transaction marker file, a name of the new
start transaction marker file reflecting a newer version
compared to the name of the content file following the
ongoing transaction, update the new content file with the
at least one newly formed 3D polygon mesh, the name
of the new content file reflecting the same version as the
start transaction file and create a new end transaction
marker file, a name of the end transaction marker file
reflecting the same version as the start transaction mark-
er file.
[0077] The storage module may comprise a file system
and the centralized processing unit may further, after re-
ceiving the coordinates of the virtual impact and before
updating, receive coordinates of a second virtual impact
on the 3D polygon mesh, locate a latest version of a con-
tent file in the file system that corresponds to the 3D pol-
ygon mesh, create a first start transaction marker file, a
name of the first start transaction marker file reflecting a
first new version compared to the latest version, create
a first new content file with the at least one newly formed
3D polygon mesh computed from the virtual impact, the
name the first new content file reflecting the first new
version, create a first end transaction marker file, a name
of the first end transaction marker file reflecting the same
version as the first start transaction marker file, create a
second start transaction marker file, a name of the sec-
ond start transaction marker file reflecting a second new
version compared to the first new version, create a sec-
ond new content file with the at least one newly formed
3D polygon mesh computed from the second virtual im-
pact, the name the second new content file reflecting the
second new version and create a second end transaction
marker file, a name of the second end transaction marker
file reflecting the same version as the second start trans-
action marker file.
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Brief description of the drawings

[0078] Further features and exemplary advantages of
the present invention will become apparent from the fol-
lowing detailed description, taken in conjunction with the
appended drawings, in which:

Figure 1 is a logical representation of an exemplary
computer system in accordance with the teachings
of the present invention;

Figure 2 is a flow chart of a first exemplary rendering
method in accordance with a first set of embodiments
of the present invention;

Figure 3 is a flow chart of a second exemplary ren-
dering method in accordance with a second set of
embodiments of the present invention;

Figure 4 is a flow chart of a third exemplary rendering
method in accordance with the second set of em-
bodiments of the present invention;

Figure 5 is a flow chart of an exemplary data updating
method in accordance with a third set of embodi-
ments of the present invention;

Figures 6A, 6B, 6C, 6D and 6E, hereinafter referred
to together as Figure 6, are exemplary visual and
logical representations of the exemplary rendering
method in accordance with a first set of embodiments
of the present invention; and

Figures 7A, 7B, 7C, 7D and 7E, hereinafter referred
to together as Figure 7, are exemplary visual repre-
sentations of the exemplary rendering method in ac-
cordance with a second set of embodiments of the
present invention.

Detailed description

[0079] Reference is now made to the drawings in which
Figure 1 shows a logical representation of an exemplary
computer system 1200 in accordance with the teachings
of the present invention. Figure 1 also shows a logical
representation of an optional network 1300 an additional
computer systems 1200A...G and a centralized computer
system 1500 that may be used in certain embodiments
of the present invention. The computer system 1200
comprises a processor module 1230 and a memory mod-
ule 1220. A display device is provided with the computer
system (1100A) and/or in communication with the com-
puter system (1100B, both solutions being referred to as
1100). In the example of Figure 1, the display device
1100B may be in communication with the computer sys-
tem 1200 via a dedicated port as exemplified via a logical
link 1102 or through the network 1300 as exemplified via
a logical link 1104. The display device 1100 may com-

prise at least one physical display unit, and may also
comprise many display units of one or more technologies
(e.g., Cathode Ray Tube (CRT), Liquid Crystal Display
(LCD) screen or projector, any means to project the im-
age onto a screen, mirror and/or display surface, etc.).
A storage module may be provided with the computer
system 1400A and/or in communication with the compu-
ter system 1400B (both solutions being referred to in the
description as 1400). The storage devices module 1400A
and/or 1400B may represent one or more logical or phys-
ical as well as local or remote hard disk drive (HDD) (or
an array thereof). The storage devices module 1400 may
further represent a local or remote database made ac-
cessible to the computer system 1200 by a standardized
or proprietary interface. The computer system 1200 may,
in certain embodiments, comprise a network interface
module 1210 and an instrument simulation module 1250.
The processor module may further comprise, or may be
seen logically as comprising, an image generator module
1232 and a simulation computing module 1234. The im-
age generator module 1232 may also comprise one or
more dedicated graphical processing units (not shown).
[0080] The network interface module 1210, e.g.,
through one or more of its interfaces (e.g., 1212, 1214,
1216), may be used in the context of the present invention
to communicate with one or more of the other computer
systems 1200A....G, the centralized computer system
1500, the display device 1100B (e.g., display data over
Ethernet) and/or the storage module 1400B (e.g., to store
and/or load a model of a computer simulation). The com-
munication via the network interface module 1210 may
be performed through the network 1300 via additional
network nodes (e.g., one ore more network hub, network
switch, network router, firewall, etc.) or directly (e.g.,
node-to-node cable(s)). The one or more interfaces may
use different protocols and physical medium (e.g., local
area network (LAN) over twisted pair cables, wireless
LAN, wide area network (WAN) over cable, optical fiber,
cellular, etc.), metropolitan area network MAN), etc.).
[0081] The computer system 1200 may be used as a
simulation station (e.g., training device) for a computer
simulation comprising a computer generated environ-
ment. The computer system 1200 may be used as a stan-
dalone simulation system. The computer system 1200
may also be used together with the centralized computer
system 1500 to provide the computer simulation. For in-
stance, the centralized computer system 1500 may be
referred to as the simulation engine and may provide
general simulation management of the computer simu-
lation while the computer system 1200 may be decen-
tralized from the centralized computer system 1500 and
may provide user-specific simulation management. Ex-
amples of simulation management of the computer sim-
ulation include processing simulation-wide events, offline
processing of simulation events, pre-processing of the
computer generated environment, etc. Examples of user-
specific simulation management include image genera-
tion considering a field of view / user’ position (e.g., using
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one or more image generator module 1232), runtime
processing of simulation events using the simulation
computing module 1234 (e.g., events within the filed of
view), processing inputs from simulated instrument(s),
providing feedback through simulated instrument(s)
and/or feedback devices (vibration of an instrument,
physical movement of the user and/or the whole system,
etc.) using the simulation computing module 1234 and
the instrument simulation module 1250.
[0082] In exemplary embodiments where the computer
simulation involves at least the computer system 1200
and the centralized computer system 1500, communica-
tions therebetween may be handled in different manner
depending on different architecture choices. For in-
stance, the systems 1200 and 1500 may be logically dis-
tinct using distributed processing within a single compu-
ter system (e.g., virtual machines of a single compute
system, independent threads of a single computer pro-
gram executing on a single compute system). The com-
munication may thus remain internal to the single com-
puter. In most embodiments, however, the systems 1200
and 1500 are logically distinct using distributed process-
ing on at least two computer systems (e.g. on different
systems having their own dedicated processor(s)). The
communication may thus typically be inter-system.
[0083] In exemplary embodiments where the computer
simulation involves the centralized computer system
1500 and the computer system 1200 (and possibly ad-
ditional computer system(s) 1200A...G), a simulation net-
work (e.g., overlaid on the network 1300) may be used,
at runtime, to exchange information (e.g., event-related-
simulation information). For instance, movements of a
vehicle associated to the computer system 1200 and
events related to interactions of the computer system
1200 with the computer generated environment may be
shared through the simulation network from the computer
system 1200. Likewise, simulation-wide events (e.g., re-
lated to persistent modifications to the computer gener-
ated environment, modified simulated weather, etc.) may
be shared through the simulation network from the cen-
tralized computer system 1500. In addition, the storage
module 1400 (e.g., a networked database system) ac-
cessible to all computer systems involved in the computer
simulation may be used to store data necessary for ren-
dering computer generated environment (e.g., data each
of the 3D polygon meshes of the computer generated
environment, etc.). In some embodiments, the storage
module 1400 is only updated from the centralized com-
puter system 1500 and the computer system(s) 1200,
12000A...G only load data from the storage module 1400.
[0084] In a first set of exemplary embodiments, the
present invention aims at improving the manner in which
dynamic events are considered during a computer sim-
ulation while taking into consideration expected plausi-
bility and usage of the material resources. An example
of dynamic events in the computer simulation is an ex-
plosion, an impact (e.g., from an inert projectile) or an
explosive impact (e.g., from a rocket or a missile) at a

given location within a computer generated environment
of the computer simulation. Such dynamic events may
create damage to structures represented in the computer
simulation. The damage should be made visible (e.g.,
rendered on display) to the initiating user of the dynamic
event. In some embodiments, the damage is made per-
sistent in a centralized simulation engine of the computer
simulation and may also be made visible to other parties
of the computer simulation (if any), decentralized from
the centralized simulation engine. In the first set of ex-
emplary embodiments, the present invention is meant to
support rendering of aesthetically attractive images that
are, if not realist, at least plausibly representing damages
that may be caused by the dynamic event. Of course,
skilled person will readily understand that the rendered
images being aesthetical and attractive is subjective and
depends on the quality of artistic work performed to cre-
ate the necessary visual texture(s). The present inven-
tion, while it supports appropriate rendering of the visual
texture, is not meant to improve poor artistic work.
[0085] In a second set of exemplary embodiments, the
present invention aims at improving the manner in which
3D polygon meshes are represented during a computer
simulation while taking into consideration expected plau-
sibility and usage of the material resources. For instance,
one or more 3D polygon meshes may present an unre-
alistic shape (e.g., disconnected part or unbalanced
shape that should collapse, etc.). Based on a logical rep-
resentation (e.g., connectivity graph) of the polygon
mesh built considering an anchor point (e.g., connection
of the 3D mesh in its environment such as the simulated
ground), some rendering faces of the polygon mesh are
removed (e.g., disappear or collapse from the perspec-
tive of the user). For instance, disconnected part may be
identified as being disconnected from the anchored por-
tion of the polygon mesh while unbalanced shape may
be identified based on the center of mass and a located
short link between the unbalanced shape and the rest of
the polygon mesh. The disappearance and/or collapsing
may be performed upon loading the polygon mesh(es),
e.g., to ensure that the simulation shows credible struc-
ture to start with. The disappearance and/or collapsing
may also be performed in conjunction with dynamic
events in the computer simulation (e.g., as previously
described in the first set of embodiments). The unrealistic
shape may disappear from the simulation or may be
transformed into debris (e.g., smoke or other effect cov-
ering disappearance, animation from the shape to debris,
animation of a falling structure and/or, instant transfor-
mation of the shape into debris (e.g., covered by smoke
or other effect), etc.)
[0086] In a third set of embodiments, the present in-
vention aims at improving the manner in which dynamic
events are shared during a computer simulation between
at least two computer simulation stations and a central-
ized processing unit (e.g., central simulation engine unit).
A dynamic event on a polygon mesh is treated by a first
computer simulation station into one or more newly
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formed 3D polygon meshes. The same dynamic event
on the same polygon mesh is also treated by a centralized
processing unit independently from the first computer
simulation station (e.g., in parallel and/or in non-real-time
processing) into the newly formed 3D polygon mesh(es).
The non-real time processing by the centralized process-
ing unit may involve exactly the same mathematical op-
eration(s) as treatment by the first computer situation sys-
tem, but may also involve at least one more complex
operation leading to even more realistic newly formed
3D polygon mesh(es). The centralized processing unit
then persistently updates the newly formed 3D polygon
mesh(es) into the storage module 1400 accessible to all
involved decentralized simulation stations. In some em-
bodiments, when a second dynamic event occurs on the
polygon mesh and/or newly formed 3D polygon mesh(es)
(e.g., from the second computer simulation station), the
centralized processing unit may use versioning of indi-
vidual files representing the different involved polygon
meshes to ensure proper completion of the operations
(e.g., using transaction marker files).
[0087] Skilled persons will readily understand that a
partial or complete set of features from the first, the sec-
ond and the third set of embodiments may be implement-
ed together.
[0088] For instance, in some embodiments, once a dy-
namic event is treated and the damage-enhanced imag-
es are rendered, the ensuing 3D polygon meshes are
persistently stored from a centralized unit or simulation
engine and the different simulation station (or training
devices) may then plausibly interact with the ensuing 3D
polygon meshes. For example, a damaged fence shall
have some or all of its geometry removed to allow a tank
to pass through.
[0089] While it is an objective for the damage-en-
hanced images to be rendered at least at runtime (i.e.,
as seamless as possible or seen as quasi-instantaneous
from the perspective of the user), in some embodiments,
additional special effects may be used during a certain
time at least until the damage-enhanced images are ren-
dered (e.g., animated explosion and dust). The special
effects shall be provided with low latency (e.g., in the
order of a few hundred milliseconds) to make the effect
plausible.
[0090] In the context of the present invention, runtime
execution corresponds to operations executed during the
computer simulation that may have an impact on the per-
ceived quality of the computer simulation from a user
perspective. An operation performed at runtime thus typ-
ically needs to meet certain performance constraints that
may be expressed, for instance, in terms of maximum
time, maximum number of frames, and/or maximum
number of processing cycles. For instance, in a simula-
tion having a frame rate of 60 frames per second, it is
expected that a modification performed within 5 to 10
frames will appear seamless to the user.
[0091] In some embodiments, it is possible to undo the
damages related to one or more dynamic events.

[0092] The computer simulation may, for instance, be
used for training purposes and/or for enacting a scenario
from historical data (e.g. from an event recording device
(e.g., black box) from an aircraft, a train, etc.). The com-
puter simulation may be scenario-based (e.g., where
simulation code driving the computer generated environ-
ment comprises one or more predetermined events, mo-
tions, sounds, etc.).
[0093] The computer simulation may be a vehicle com-
puter simulation (e.g., single or multiple vehicles simul-
taneously) and a field of view for rendering the image(s)
may be defined from a user’s position within a simulated
vehicle (e.g., different field of view for different simulated
vehicles). The present invention is not limited by the type
of simulated vehicle, which may be terrestrial (car, tank,
etc.), underground, airborne (e.g., an aircraft, a space
shuttle), floating (e.g., a boat), etc. The field of view, or
point of view, may be defined from the position of a trainee
of the simulated vehicle (e.g., interacting with the simu-
lation) and/or the position of an operator of the simulated
vehicle (e.g., only determining content of the simulation
code or participating to the simulation as well).
[0094] The computer generated environment compris-
es at least one three dimensional (3D) polygon mesh.
Typically, a plurality of 3D polygon meshes are presented
in the computer generated environment. Interactions are
expected in the computer simulation between the poly-
gon mesh(es) and the simulated vehicle(s) as well as
between the polygon mesh(es) and dynamic events, e.g.,
triggering damages thereto. The dynamic events are typ-
ically initiated from the user(s) of the computer simula-
tion.
[0095] Figure 2 illustrates an exemplary method 2000
for rendering damaged-enhanced images in the compu-
ter simulation in accordance with a first set of embodi-
ments. The computer simulation comprises a computer
generated environment. The method 2000 may take ad-
vantage of constructive solid geometry (CSG) opera-
tion(s) to remove a volume from another, modifying 3D
polygon meshes in proximity with an impact to be mod-
ified by having one ore more portions thereof removed
from the computer generated environment.
[0096] In some embodiment, the method 2000 may
comprise, before beginning the computer simulation,
identifying one or more opened polygon meshes forming
non-watertight meshes (e.g., using the processor module
1230). Identifying the opened polygon mesh(es) may be
performed by computing connectivity graphs or other log-
ical representations of the polygon meshes. The method
2000 may also comprise, for each identified opened pol-
ygon mesh, attempting to close the corresponding poly-
gon mesh and, if not possible, marking the corresponding
polygon mesh as un-damageable.
[0097] The method 2000 comprises during the com-
puter simulation, determining coordinates 2010, in the
computer generated environment, of a virtual impact hav-
ing an effective radius (e.g., using the processor module
1230). In some embodiments involving more than one
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computer system, the virtual impact event may be shared
on a simulation network.
[0098] As an option, the method 2000 may further com-
prise, after determining 2010 the coordinates, rendering
at least one temporary image for display comprising a
distracting visual effect at or near the determined coor-
dinates at least until rendering the at least one damaged-
enhanced image is performed (e.g., using the processor
module 1230). In some embodiments, the distracting vis-
ual effect may actually be disconnected from the coordi-
nates of the virtual impact, but still provide the distracting
effect (e.g., rendering 2D images considering the field of
view).
[0099] The method 2000 then follows with identifying
2020, at the coordinates, a first plurality of rendering fac-
es (e.g., triangles) affected by the virtual impact consid-
ering the effective radius (e.g., using the processor mod-
ule 1230). The first plurality of rendering faces is associ-
ated with at least one 3D polygon mesh of the computer
generated environment. The effective radius may be
fixed in the computer generated environment or may be
determined from the operation(s) performed to trigger
the virtual impact (e.g., type of bomb / missile used, etc.)
and/or from the at least one 3D polygon mesh of the
computer generated environment (simulated material of
the polygon being concrete, sand, etc.).
[0100] Prior to identifying 2020 the first plurality of ren-
dering faces, the method 2000 may also comprise veri-
fying that the at least one 3D polygon mesh are not
marked as un-damageable. When the 3D polygon mesh
is marked as un-damageable, then the damaged-en-
hanced rendered images may be limited to the distracting
effect discussed previously.
[0101] Afterwards, the method 2000 comprises clip-
ping 2030 the first plurality of rendering faces to a math-
ematically-defined subtraction shape computed consid-
ering the effective radius (e.g., using the processor mod-
ule 1230). The mathematically-defined subtraction
shape may be a sphere or a spheroid expressed by a
single, linear, mathematical formula. The sphere or sphe-
roid may be preferred for simplifying the clipping 2030
operation, which is expected to be performed at run-time.
However, depending on the expected processing capa-
bilities of the computer system 1200 involved in the com-
puter simulation, more complex mathematically-defined
subtraction shapes, which may further include random-
ness, may be used, e.g., to obtain a more realistic effect.
Optionally, the method 2000 may further comprise, be-
fore clipping 2030, determining that each of the at least
one 3D polygon mesh forms a watertight mesh. As an-
other option, the method 2000 may further comprise, af-
ter identifying 2020 the affected first plurality of rendering
triangles, buffering the first plurality of rendering triangles
thereby allowing to undo the clipping 2030. Clipping 2030
the rendering face(s) may be performed by indicating a
null (or minimal) surface for the to-be-removed rendering
face(s). Using this technique may simplify the overall pro-
cedure by limiting the complexity of the computation of

the newly formed 3D polygon mesh(es).
[0102] The method 2000 then comprises computing
2040 a second plurality of rendering faces from the
clipped first plurality of rendering faces (e.g., using the
processor module 1230)., thereby defining at least one
newly formed 3D polygon mesh, and rendering 2050 at
least one damaged-enhanced image for display compris-
ing a subset of the second plurality of rendering faces
using a visual texture, the subset being determined from
a field of view of the computer simulation (e.g., using the
image generator module 1232).
[0103] Optionally, the method 2000 may be performed
at runtime by a decentralized processing unit associated
with a simulated vehicle of the computer generated en-
vironment in a limited number of milliseconds. The field
of view is defined, in this exemplary embodiment, from
a user’s position within the simulated vehicle. Still in this
exemplary embodiment, the method 2000 may further
comprise, at a centralized processing unit, computing the
at least one newly formed 3D polygon mesh from the
determined coordinates. Computing at the centralized
processing unit may be performed independently (and
optionally in parallel) from the decentralized processing
unit and in non-real-time priority processing. The central-
ized processing unit may also persistently update or store
the at least one newly formed 3D polygon mesh into the
storage module 1400.
[0104] Computing the at least one newly formed 3D
polygon mesh at the centralized processing unit may also
optionally be performed using a second mathematically-
defined subtraction shape more complex than the math-
ematically-defined subtraction shape used at the decen-
tralized processing unit.
[0105] The computer simulation may optionally involve
a second decentralized processing unit associated with
a second simulated vehicle of the computer generated
environment having a second field of view defined from
a second user’s position within the second simulated ve-
hicle. The method 2000 may then also further comprise
loading, at the second decentralized processing unit of
the computer simulation, the at least one newly formed
3D polygon mesh data, computed by the centralized
processing unit, from the storage module 1400 (e.g.,
when the 3D polygon mesh enters the second field of
view).
[0106] The method 2000 may also further comprise
receiving, at the second decentralized processing unit,
the coordinates of the virtual impact (e.g., from the sim-
ulation network) and computing, at runtime and in parallel
to the (first) decentralized processing unit, the at least
one newly formed 3D polygon mesh. No matter if com-
puted locally or loaded from the storage module 1400,
the at least one newly formed 3D polygon mesh is ren-
dered by the second decentralized processing unit sim-
ilarly to the (first) decentralized processing unit. Skilled
persons will understand that a subsequent virtual impact
could be initiated from the second decentralized process-
ing unit that may then itself execute the exemplified meth-
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od 2000.
[0107] The method 2000 may further comprise, after
computing 2040 the second plurality of rendering faces,
testing the at least one newly formed 3D polygon mesh
for loops.
[0108] Rendering 2050 the second plurality of render-
ing faces may also further comprise applying a damage
texture, fading outwardly from the coordinates and ex-
ceeding the effective radius, on a subset of the second
plurality of rendering faces corresponding to surfaces
previously represented in at least the first plurality of ren-
dering faces.
[0109] Figure 3 illustrates an exemplary method 3000
for rendering plausible images of a three-dimensional
(3D) polygon mesh in a computer simulation in accord-
ance with a second set of embodiments. The computer
simulation is expected to have a virtual gravity force ef-
fective within its computer generated environment. The
memory module 1220 may be used for storing respective
representations of a plurality of 3D polygon meshes of
the computer simulation. The plurality of 3D polygon
meshes to be stored may be determined from at least a
field of view of the computer simulation, e.g., so that the
determined plurality of 3D polygon are available for
processing at runtime.
[0110] The 3D polygon meshes may be defined (e.g.,
in the representations from the memory module 1220)
using a plurality of vertices providing a plurality of ren-
dering faces (e.g., triangles). The method 3000 compris-
es determining 3010 an anchor point from at least three
of the plurality of vertices of the 3D polygon mesh (e.g.,
using the processor module 1230). The anchor point in-
dicates a connection between the 3D polygon mesh and
the ground or between the 3D polygon mesh and one or
more collocated 3D polygon mesh, ultimately connected
to the ground.
[0111] For each one of the rendering faces of the 3D
polygon mesh, the method 3000 follows with determining
3030 whether a path exists towards the anchor point and,
when no connection exists, removing the one rendering
face from the 3D polygon mesh into an updated 3D pol-
ygon mesh (e.g., using the processor module 1230). Re-
moving the rendering face may be performed by indicat-
ing a null (or minimal) surface for the to-be-removed ren-
dering face. Using this technique may simplify the overall
procedure by limiting the complexity of the computation
of the newly formed 3D polygon mesh(es).
[0112] The updated 3D polygon mesh comprising a
subset of the plurality of rendering faces is then rendered
for display 3040 using a visual texture (e.g., using the
image generator module 1232). The subset of rendering
faces is determined from the field of view of the computer
simulation.
[0113] In some embodiments, the method 3000 may
also comprise, prior to removing the rendering faces
3030, determining (not shown) whether a direct connec-
tion exists from the rendering faces to the ground. When
a direct ground connection exists, the rendering faces

are closed (see first set of embodiments) and one more
newly formed 3D polygon mesh is computed and further
rendered.
[0114] The method 3000 may comprise computing
3020 a connectivity graph (e.g., as a representation of
the 3D polygon mesh) from the plurality of rendering fac-
es representing the 3D polygon mesh (e.g., using the
processor module 1230). When the connectivity graph
is used as the representation of the 3D polygon mesh,
determining that the path does not exist towards the an-
chor point involves removing the one rendering face from
the connectivity graph into an updated connectivity graph
representing the updated 3D polygon mesh.
[0115] For instance, a dedicated processing unit may
be associated with a simulated vehicle of the computer
generated environment and the field of view may be de-
fined from a user’s position within the simulated vehicle
The method 3000 for rendering the plausible images may
be performed at runtime by the decentralized processing
unit in a limited number of milliseconds (e.g., using the
processor module 1230).
[0116] The method 3000 may also comprise replacing,
at runtime, the impacted rendering face(s) in the connec-
tivity graph with a plurality of new rendering faces. The
replacement may be performed before determining
whether the path exists towards the anchor point and
following a virtual impact on the 3D polygon mesh affect-
ing at least one impacted rendering face from the plurality
of rendering faces (see first set of embodiments).
[0117] Before rendering the 3D polygon mesh, the
method 3000 may also comprise, at runtime, determining
a center of mass of a part the 3D polygon mesh from the
plurality of vertices associated with the part and deter-
mining that the part of the 3D polygon mesh is unstable
(or unbalanced) from the perspective of the anchor point
considering the virtual gravity force applied in the simu-
lation. Then, a subset of unstable rendering faces from
the plurality of rendering faces may be identified on the
unstable part and the unstable rendering faces may then
be removed from the connectivity graph into the updated
3D polygon mesh.
[0118] Figure 4 illustrates another exemplary method
4000 for rendering plausible images of a three-dimen-
sional (3D) polygon mesh in a computer simulation in
accordance with the second set of embodiments. The
computer simulation is expected to have a virtual gravity
force effective within its computer generated environ-
ment. The memory module 1220 may be used for storing
respective representations of a plurality of 3D polygon
meshes of the computer simulation. The plurality of 3D
polygon meshes to be stored may be determined from
at least a field of view of the computer simulation, e.g.,
so that the determined plurality of 3D polygon are avail-
able for processing at runtime.
[0119] The 3D polygon meshes may be defined (e.g.,
in the representations from the memory module 1220)
using a plurality of vertices providing a plurality of ren-
dering faces (e.g., triangles). The method 4000 compris-
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es determining 4010 an anchor point from at least three
of the plurality of vertices of the 3D polygon mesh (e.g.,
using the processor module 1230). The anchor point in-
dicates a connection between the 3D polygon mesh and
the ground or between the 3D polygon mesh and one or
more collocated 3D polygon mesh, ultimately connected
to the ground. (e.g., using the processor module 1230)
[0120] The method 4000 then follows, at runtime, with
determining 4020 a center of mass of a part the 3D pol-
ygon mesh from the plurality of vertices associated with
the part (e.g., using the processor module 1230) and de-
termining 4030 still at runtime that the part of the 3D pol-
ygon mesh is unstable from the perspective of the anchor
point considering the virtual gravity force applied in the
simulation. A subset of unstable rendering faces from the
plurality of rendering faces on the unstable part may then
be removed 4040 into an updated 3D polygon mesh.
Thereafter, e.g., using the image generator module 1232,
the method 4000 follows with rendering 4050 the updated
3D polygon mesh for display comprising a subset of the
plurality of rendering faces using a visual texture, the
subset being determined from a field of view of the com-
puter simulation.
[0121] Whether in the context of the method 3000 or
the method 4000, new rendering faces may also be ap-
pended (e.g., to a connectivity graph) to close the updat-
ed 3D polygon mesh.
[0122] The 3D polygon mesh may have different attrib-
uted associated therewith such as a virtual tensile
strength and a virtual density value. When removing the
unstable rendering faces 4040, the virtual tensile strength
and virtual density value may be use to compute a virtual
collapsing pressure for a fulcrum area of the unstable
part compared to the center of mass. The removal could
take place only when the virtual collapsing pressure ex-
ceeds the virtual tensile strength.
[0123] Determining that the part is unstable 4030 may
optionally be performed by locating a narrow link sur-
rounding the virtual impact on the 3D polygon mesh. The
narrow link may define a fulcrum area between the part
and another part of the 3D polygon mesh connected to
the anchor point. It may this be determined that the part
is unstable 4030 when the structure above the narrow
link is not connected to the anchor point and the center
of mass is not above the fulcrum area. Locating the nar-
row link in the 3D polygon mesh may be performed by
identifying, surrounding a virtual impact, a lowest isolated
vertex from the plurality vertices and, until the narrow link
is located or until a performance-based threshold is at-
tained (e.g., time limit, number of frame(s) limit, number
of processing cycles, etc.), determining the narrow link
as the minimum fulcrum area between the part and the
other part connected to the anchor point starting from a
horizontal plane at the lowest isolated vertex and con-
sidering the closest neighbor vertices thereof.
[0124] The method 3000 and/or the method 4000 of
removing the relevant rendering face from the updated
3D polygon mesh (e.g., from the corresponding connec-

tivity graph) may also be performed at a centralized
processing unit independently from the decentralized
processing unit and in non-real-time priority processing,
e.g., using the same or a more complex procedure. Rel-
evant data may then be stored on the storage module
1400 so that decentralized processing unit(s) are able to
load the relevant data (e.g., when the updated 3D poly-
gon mesh enters or reenters their respective field of
view).
[0125] Figure 5 illustrates an exemplary method 5000
for updating damaged-enhanced images in the computer
simulation in accordance with a third set of embodiments.
The computer simulation comprises a computer gener-
ated environment. The computer simulation is associat-
ed to a storage module 1400 accessible to at least a first
decentralized simulation station, a second decentralized
simulation station (e.g., where a user interacts with the
simulation) and a centralized processing unit thereof
(e.g., a simulation engine). The method 5000 comprises,
at the first decentralized simulation station, during the
computer simulation, determining 5010 coordinates of a
virtual impact on a three dimensional (3D) polygon mesh
of the computer generated environment and, at runtime,
computing 5020 at least one newly formed 3D polygon
mesh from the virtual impact without updating the storage
module 1400. Then, at least one damaged-enhanced im-
age of the at least one newly formed 3D polygon mesh
is rendered 5030 for display from a field of view of the
first decentralized simulation station. The method 5000
also comprises, at the centralized processing unit, re-
ceiving 5040 the coordinates of the virtual impact from
the first decentralized simulation station and, at the sec-
ond decentralized simulation station, receiving the coor-
dinates of the virtual impact. The centralized processing
unit then computes 5050, independently and in non-real-
time priority processing, the newly formed 3D polygon
mesh(es) from the determined coordinates and persist-
ently updates the storage module 1400 associated to the
simulation with the at least one newly formed 3D polygon
mesh.
[0126] The first decentralized simulation station may
be associated to a first simulated vehicle of the computer
generated environment. The first field of view of the first
decentralized simulation station may then be defined
from a user’s position within the first simulated vehicle.
Likewise, the second decentralized simulation station
may be associated to a second simulated vehicle of the
computer generated environment. A second field of view
of the second decentralized simulation station may then
be defined from a user’s position within the second sim-
ulated vehicle.
[0127] Upon receiving the coordinates of the virtual im-
pact at the second decentralized simulation station, the
second decentralized simulation station may compute
the at least one newly formed 3D polygon mesh from the
received coordinates, at runtime, in parallel and inde-
pendently from the first decentralized simulation station.
[0128] The second decentralized simulation station of
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the computer simulation may alternatively load the at
least one newly formed 3D polygon mesh from the stor-
age module 1400 when the at least one newly formed
3D polygon mesh enters the second field of view of the
second decentralized simulation station.
[0129] Computing 5050 the at least one newly formed
3D polygon mesh at the centralized processing unit may,
in addition, be performed in parallel using a more complex
mathematical operation compared to computing 5020 of
the first decentralized simulation station. The first decen-
tralized simulation station may also load ( or reload) the
at least one newly formed 3D polygon mesh from the
storage module 1400 when the at least one newly formed
3D polygon mesh reenters the first field of view.
[0130] The method 5000 may further involve updating
5060 by storing at least one new file in a file system of
the storage module 1400 corresponding to the at least
one newly formed 3D polygon mesh and storing at least
one event in a database of the storage module 1400 cor-
responding completion of the computation of the at least
one newly formed 3D polygon mesh.
[0131] The centralized processing unit may comprise
a storage module 1400 implementing a file system and
computing 5050 at the centralized processing unit may
further comprises locating a latest version of a content
file in the file system that corresponds to the 3D polygon
mesh and verifying if at least one transaction marker file
associated with the content file exists. The transaction
marker file(s) indicating if the content file is currently sub-
ject to an ongoing transaction. When the content file is
not currently subject to an ongoing transaction, then the
computing 5050 may be performed by copying the con-
tent file into a new content file on the file system, updating
the new content file with the newly formed 3D polygon
mesh(es), and updating the transaction marker file(s). A
name of the new content file reflects a newer version
compared to the latest version. When the content file is
currently subject to an ongoing transaction, the method
5000 may further comprise waiting until the at least one
transaction marker file indicates completion of the ongo-
ing transaction before creating a new start transaction
marker file and updating the new content file with the
newly formed 3D polygon mesh(es). A name of the new
start transaction marker file may reflect a newer version
compared to the name of the content file following the
ongoing transaction and the name of the new content file
may reflect the same version as the start transaction file.
The method 5000 then follows with creating a new end
transaction marker file, a name of the end transaction
marker file reflecting the same version as the start trans-
action marker file.
[0132] The centralized processing unit comprises a
storage module 1400 implementing a file system and the
method further comprises, after receiving 5040 the co-
ordinates of the virtual impact from the first decentralized
simulation station and before updating 5060 from the
centralized processing unit, receiving coordinates of a
second virtual impact on the 3D polygon mesh from the

second decentralized simulation station at the central-
ized processing unit. The method 5000 may then further
comprise locating a latest version of a content file in the
file system that corresponds to the 3D polygon mesh and
creating a first start transaction marker file with a name
that reflects a first new version compared to the latest
version as well as creating a first new content file with
the newly formed 3D polygon mesh(es) computed from
the virtual impact. The name of the first new content file
reflects the first new version. A first end transaction mark-
er file is then created with a name that reflects the same
version as the first start transaction marker file. In this
example, the method 5000 then follows with creating a
second start transaction marker file with a name that re-
flects a second new version compared to the first new
version, creating a second new content file with the newly
formed 3D polygon mesh(es) computed from the second
virtual impact. The name of the second new content file
reflects the second new version. A second end transac-
tion marker file with a name reflecting the same version
as the second start transaction marker file is then created
before the centralized processing unit propagates 5060
the newly formed 3D polygon mesh(es) after the creation
of the second end transaction marker file to at least the
first decentralized simulation station and the second de-
centralized simulation station.
[0133] The exemplary method 2000 may be illustrated,
in one embodiment, with regards to the example of Figure
6. Figures 6A to 6E show exemplary visual representa-
tions of the exemplary rendering method in accordance
with a first set of embodiments of the present invention.
On Figure 6A, an exemplary 3D polygon mesh 6000 is
depicted using rendering faces A to T with faces U and
V implicitly present opposite respectively faces M and N.
For the sake of clarity, the polygon mesh 6000 as depict-
ed does not show faces behind B/C and S/Q. In the ex-
ample of Figure 6, the rendering faces are triangles. A
logical representation in the format of a connectivity
graph 6100 or connectivity tree can be built from the ex-
emplary polygon mesh 6000, as shown in Figure 6B. Of
course, skilled persons will recognize that a typical sim-
ulation would involve a plurality of 3D polygon meshes
and that the polygon mesh 6000 is chosen to illustrate
the teachings of the invention.
[0134] The connectivity graph 6100 may be computed
at runtime, while the simulation is ongoing (e.g., as new
polygon meshes enter the field of view during the simu-
lation), but computing may advantageously be performed
during a pre-processing phase, together with the com-
puting of other connectivity graphs for any polygon mesh
that could be affected by the present invention. The pre-
processing phase may also be used to generate hollow
geometry of the 3D polygon meshes as well as detecting
floating parts. The connectivity graph may be stored in
the storage module 1400 that may be local (e.g., 1400A
collocated with the processor module 1230 rendering the
images) or remote 1400B.
[0135] During the connectivity graph computing, the
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polygon mesh 6000 may be analyzed to determine if it
forms a fully closed polygon mesh (also referred to as a
watertight mesh). In the example of Figure 6, the floor
(e.g., bottom section connected to D, F, G, V, I, N, O) is
absent. While polygon meshes without floors are typically
useful to avoid rendering a number of non-visible render-
ing faces required to illustrate a given 3D polygon mesh
(e.g., to save triangles), the clipping 2030 and the com-
puting 2050 are meant to be done on a watertight mesh.
It is possible to add some geometry to close the polygon
mesh 6000 (e.g., adding rendering faces, which are not
meant to be visible, to existing polygon meshes). The
addition of rendering faces, if ever required, is to be per-
formed before the clipping 2030 and the computing 2050.
While the addition may be performed at runtime, the ad-
dition may take too much processing time to fit within a
maximum time (or number of processing cycles) allowed
to maintain expected visual quality of the simulation for
at least plausibly representing damages. Therefore, it
may be advantageous to add the rendering faces when
the polygon mesh 6000 is loaded or in a database storing
the polygon mesh 6000 (e.g., in a model of the simulation)
prior to loading the polygon mesh 6000.
[0136] By adding closing geometry, most of the poly-
gon meshes (or 3D shapes) in the simulation become
watertight. However, there maybe exceptions for which
various procedures may be performed to make them wa-
tertight. More specifically, some meshes have 2D parts
snapped to them, such as balcony ramps, fences, veg-
etation foliage, etc. Those can be isolated and only be
clipped by the virtual impact. As they represent 2D con-
tent there is no need to generate any hollow geometry
to connect their clipped surfaces.
[0137] Figure 6C shows a virtual impact 6010 having
coordinates on the face defined by rendering faces G
and H having an effective radius r1 (2020). The virtual
damage 6010, in the present example is a mathemati-
cally defined subtraction shape defined as a sphere hav-
ing the effective radius r1. The connectivity graph 6100
may be used to identify rendering faces (triangles in the
example of Figure 6) affected by the impact 6010. In the
example of Figure 6, triangles E, F, G, H, K, L, U and V
are affected by the impact 6010. For the sake of clarity,
U and V will be further discussed in the following discus-
sion, but it is understood that they are also similarly af-
fected. In a first time, the affected triangles may be re-
moved from the connectivity tree (e.g., actually removed
or their surface may be collapsed to a null or minimal
value). In some embodiments, the removed rendering
faces may be kept (e.g., original connectivity graph or
portion thereof stored separately in memory) in order to
be able to undo the damage 6010.
[0138] The affected rendering faces are thereafter
clipped 2030 against the sphere defined by r1. The clip-
ping 2030 is followed by the computing 2050 of the new
rendering faces defining two new polygon meshes 6020
and 6200 from the polygon mesh 6000, as depicted on
Figure 6D. For the sake of illustration, Figure 6E shows

the polygon mesh 6200 detached from the polygon mesh
6020. The new rendering faces may be appended to the
connectivity graph. The new rendering faces may also
be marked differently (e.g., timestamp and/or specific in-
dication) in the connectivity graph (e.g., to be able to lo-
cate them more quickly for a subsequent application of
a specific damage mask/texture, to undo the procedure,
etc.).
[0139] With reference to the example of Figure 6, clip-
ping 2030 the triangles and computing 2050 the new pol-
ygon meshes 6020 and 6200 may be performed by cre-
ating linear segments matching a circle arc from the in-
tersection of the sphere defined by r1 and the polygon
mesh 6000. The linear segments may then be connected
to form the new triangles and verification may be per-
formed to locate closed paths (loops). Once the new tri-
angles have been clipped by the volume, any remaining
3D holes that might have been generated are closed by
clipping the volume itself with all the closed paths formed
by the curved cut-outs into the new triangles. Identifying
closed path can be done by considering edges shared
by neighbor triangles. Starting from an initial triangle clip
path, existence of a neighbor is verified and if it exists,
there must necessarily be a path with a common inter-
section point. The procedure is repeated until the initial
triangle is reached or there is a missing neighbor. If the
initial triangle is reached, a closed path as been found.
This has the exemplary advantage of allowing the pro-
cedure to be performed with existing content that was
not designed to be damaged.
[0140] It may be helpful to distinguish the winding of
closed paths. This is required when the impact crosses
both front-faced and back-faced polygon meshes, which
happens when it affects the whole width of the object or
for buildings with modeled interiors. The winding of the
closed path is defined by the winding of the triangles it
intersects, relative to a ray passing from a fixed point in
the interior of the impact through the center of the path.
Clockwise winding paths clip all what is outside of them
and counter-clockwise winding paths clip all what is in-
side of them. The orientation of the linear segments may
be important depending on the triangle winding (it may
be kept at the time of creation). What remains is the im-
pact interior that must be displayed to hide the non-mod-
eled building interior.
[0141] Each closed path is tessellated with additional
vertices added into the region delimited by the closed
paths to smooth the curves. All this geometry can be
grouped for all the damages because its texture content
does not depend on the impacted geometry. The trian-
gles obtained are mapped with a procedural texture 2050
that may further be independent of the impact type. In
order to tessellate the closed paths, once the mesh is
generated, it is snapped to the clipped watertight mesh
as to generate a new watertight mesh that can be further
damaged, if needed.
[0142] The exemplary method 3000 may be illustrated,
in one embodiment, with regards to the example of Figure
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7. Figure 6B and Figures 7A to 7E show exemplary visual
representations of the exemplary method 3000 in accord-
ance with the second set of embodiments of the present
invention. On Figure 7A, an exemplary 3D polygon mesh
7000 is depicted using rendering faces A to T with faces
U and V implicitly present opposite respectively faces M
and N. For the sake of clarity, the polygon mesh 7000 as
depicted does not show faces behind B/C and S/Q. In
the example of Figure 7, the rendering faces are triangles.
The polygon mesh 7000 as depicted is subject to an in-
tuitive top-down gravitational force. Of course, different
simulations (or simulation environments within a single
simulation) may have different rules, including variable
gravitational force (e.g., in more game-related environ-
ment). In the example of Figure 7, anchor point may be
determined 3010 as a connection to another polygon
mesh (not shown) behind B/C, the polygon mesh 7000
being suspended therefrom.
[0143] The logical representation of Figure 6B in the
format of the connectivity graph 6100 or connectivity tree
from the exemplary polygon mesh 7000 also initially ap-
plies to the exemplary polygon mesh 7000. The connec-
tivity graph may be computes (3020) from the plurality of
rendering faces at runtime and/or at load time. As previ-
ously mentioned, skilled persons will recognize that a
typical simulation would involve a plurality of 3D, polygon
meshes and that the polygon mesh 7000 is chosen to
illustrate the teachings of the invention.
[0144] Figure 7B shows a virtual impact 7010 having
coordinates on the rendering face A having an effective
radius r2 (2020). The virtual damage 7010, in the present
example is a mathematically defined subtraction shape
defined as a sphere having the effective radius r2. The
connectivity graph 6100 may be used to identify render-
ing faces (triangles in the example of Figure 7) affected
by the impact 7010. On Figure 7C, only the triangles di-
rectly by the impact 7010 are depicted (i.e., A, B, C, D,
E, F, H, J, K, L and T).
[0145] New rendering faces are computed from the im-
pact 7010 and define three new polygon meshes 7020,
7200 and 7300 from the polygon mesh 7000, as depicted
on Figure 7D. For the sake of illustration, Figure 7D show
the polygon meshes 7200 and 7300 detached from the
polygon mesh 7020. The new rendering faces may be
appended to the connectivity graph into an updated con-
nectivity graph (not shown). The new rendering faces
may also be marked differently (e.g., timestamp and/or
specific indication) in the connectivity graph (e.g., to be
able to locate them more quickly for a subsequent appli-
cation of a specific damage mask/texture, to undo the
procedure, etc.). In the example of Figure 7, the polygon
mesh 7200 is removed in a manner similar to the example
of Figure 6.
[0146] In the example of Figure 7, traversal of the up-
dated connectivity graph will allow for the determination
that the triangles from the polygon mesh 7300 have no
connectivity path reaching the previously defined anchor
point X. The rendering faces from polygon mesh 7300

are this removed from the connectivity graph at the same
time or subsequently to polygon mesh 7200. From the
perspective of the user, the resulting polygon mesh 7020
should appear in a plausible manner. As mentioned be-
fore, special effects may be triggered to cover the remov-
al of the polygon mesh(es) 7200 and/or 7300.
[0147] The processor module 1230 may represent a
single processor with one or more processor cores or an
array of processors, each comprising one or more proc-
essor cores. The memory module 1220 may comprise
various types of memory (different standardized or kinds
of Random Access Memory (RAM) modules, memory
cards, Read-Only Memory (ROM) modules, programma-
ble ROM, etc.). The network interface module 1210 rep-
resents at least one physical interface that can be used
to communicate with other network nodes. The network
interface module 1210 may be made visible to the other
modules of the computer system 1200 through one or
more logical interfaces. The actual stacks of protocols
used by the physical network interface(s) and/or logical
network interface(s) of the network interface module
1210 do not affect the teachings of the present invention.
The variants of processor module 1230, memory module
1220, network interface module 1210 and storage devic-
es module 1500 usable in the context of the present in-
vention will be readily apparent to persons skilled in the
art. Likewise, even though explicit mentions of the mem-
ory module 1220 and/or the processor module 1230 are
not made throughout the description of the present ex-
amples, persons skilled in the art will readily recognize
that such modules are used in conjunction with other
modules of the computer system 1200 to perform routine
as well as innovative steps related to the present inven-
tion.
[0148] A method is generally conceived to be a self-
consistent sequence of steps leading to a desired result.
These steps require physical manipulations of physical
quantities. Usually, though not necessarily, these quan-
tities take the form of electrical or magnetic / electromag-
netic signals capable of being stored, transferred, com-
bined, compared, and otherwise manipulated. It is con-
venient at times, principally for reasons of common us-
age, to refer to these signals as bits, values, parameters,
items, elements, objects, symbols, characters, terms,
numbers, or the like. It should be noted, however, that
all of these terms and similar terms are to be associated
with the appropriate physical quantities and are merely
convenient labels applied to these quantities. The de-
scription of the present invention has been presented for
purposes of illustration but is not intended to be exhaus-
tive or limited to the disclosed embodiments. Many mod-
ifications and variations falling within the appended
claims will be apparent to those of ordinary skill in the
art. The embodiments were chosen to explain the prin-
ciples of the invention and its practical applications and
to enable others of ordinary skill in the art to understand
the invention in order to implement various embodiments
with various modifications as might be suited to other
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contemplated uses.

Claims

1. A method (2000) for rendering damaged-enhanced
images in a computer simulation comprising a com-
puter-generated environment, the method compris-
ing, during the computer simulation:

determining (2010) coordinates, in the compu-
ter-generated environment, of a virtual impact
having an effective radius (r1);
identifying, (2020) at the coordinates, a first plu-
rality of rendering faces affected by the virtual
impact considering the effective radius (r1), the
first plurality of rendering faces being associated
with at least one three-dimensional (3D) polygon
mesh (6000) of the computer-generated envi-
ronment;
clipping (2030) the first plurality of rendering fac-
es to a mathematically-defined subtraction
shape (6010) computed considering the effec-
tive radius (r1), wherein the mathematically-de-
fined subtraction shape (6010) is preferably a
sphere or a spheroid expressed by a single
mathematical formula;
computing (2040) a second plurality of rendering
faces (6022, 6024, 6026, 6210) from the clipped
first plurality of rendering faces, thereby defining
at least one newly formed 3D polygon mesh
(6020); and
rendering (2050) at least one damaged-en-
hanced image for display comprising a subset
of the second plurality of rendering faces using
a visual texture, the subset being determined
from a field of view of the computer simulation.

2. The method (2000) for rendering the damaged-en-
hanced images of claim 1 being performed at runtime
by a decentralized processing unit (1230) in a limited
number of milliseconds, wherein the decentralised
processing unit (1230) is associated with a simulated
vehicle of the computer-generated environment,
wherein the field of view is defined from a user’s po-
sition within the simulated vehicle.

3. The method (2000) for rendering the damaged-en-
hanced images of claim 2, further comprising:

at a centralized processing unit (1500), comput-
ing the at least one newly formed 3D polygon
mesh (6200) from the determined coordinates,
wherein computing is performed independently
from the decentralized processing unit (1230)
and in non-real-time priority processing; and
persistently updating a storage module (1400B)
associated to the simulation with the at least one

newly formed 3D polygon mesh (6200).

4. The method (2000) for rendering the damaged-en-
hanced images of claim 3, further comprising load-
ing, at a second decentralized processing unit
(1200A) of the computer simulation, the at least one
newly formed 3D polygon mesh (6200) data from the
storage module (1400B), the second decentralized
processing unit (1200A) being associated with a sec-
ond simulated vehicle of the computer-generated
environment having a second field of view defined
from a second user’s position within the second sim-
ulated vehicle.

5. The method (2000) for rendering the damaged-en-
hanced images of any one of claims 1 to 4, further
comprising, before beginning the computer simula-
tion:

loading the computer-generated environment
from a storage module (1400A, 1400B);
identifying one or more opened polygon meshes
forming non-watertight meshes in the computer-
generated environment;
for each identified opened polygon mesh, at-
tempting to close the corresponding polygon
mesh and, if not possible, marking the corre-
sponding polygon mesh as un-damageable; and
prior to identifying the first plurality of rendering
faces, verifying that the at least one 3D polygon
mesh (6000) is not marked as un-damageable
in the database.

6. The method (2000) for rendering the damaged-en-
hanced images of any one of claims 1 to 5, further
comprising, before clipping (2030), determining that
each of the at least one 3D polygon mesh (6000)
forms a watertight mesh.

7. The method (2000) for rendering the damaged-en-
hanced images of any one of claims 1 to 6, further
comprising, after determining (2010) the coordi-
nates, rendering at least one temporary image for
display comprising a distracting visual effect at the
determined coordinates at least until rendering the
at least one damaged-enhanced image is per-
formed.

8. The method (2000) for rendering the damaged-en-
hanced images of any one of claims 1 to 7, wherein
rendering the second plurality of rendering faces fur-
ther comprises applying a damage texture, fading
outwardly from the coordinates and exceeding the
effective radius (r1), on a subset of the second plu-
rality of rendering faces corresponding to surfaces
previously represented in at least the first plurality of
rendering faces.
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9. A computer system (1200) for rendering damaged-
enhanced images in a computer simulation compris-
ing a computer-generated environment, the system
comprising:

a processor module (1230) for, during the com-
puter simulation:

i. determining coordinates, in the computer-
generated environment, of a virtual impact
having an effective radius (r1);
ii. identifying, at the coordinates, a first plu-
rality of rendering faces affected by the vir-
tual impact considering the effective radius
(r1), the first plurality of rendering faces be-
ing associated with at least one three-di-
mensional (3D) polygon mesh (6000) of the
computer-generated environment;
iii. clipping the first plurality of rendering fac-
es to a mathematically-defined subtraction
shape (6010) computed considering the ef-
fective radius (r1) wherein the mathemati-
cally-defined subtraction shape (6010) is
preferably a sphere or a spheroid ex-
pressed by a single mathematical formula;
and
iv. computing a second plurality of rendering
faces (6022, 6024, 6026, 6210) from the
clipped first plurality of rendering faces,
thereby defining at least one newly formed
3D polygon mesh (6200); and

the processor module (1230) comprising an im-
age generator module (1232) for, during the
computer simulation:
v. rendering at least one damaged-enhanced
image for display comprising a subset of the sec-
ond plurality of rendering faces using a visual
texture, the subset being determined from a field
of view of the computer simulation.

10. The computer system (1200) of claim 9, wherein the
processor module (1230) comprises a decentralized
processing unit associated with a simulated vehicle
of the computer-generated environment, wherein
the field of view is defined from a user’s position with-
in the simulated vehicle, the decentralized process-
ing unit performing i. to iv.

11. The computer system (1200) of claim 10, wherein a
centralized processing unit (1500) is for:

computing the at least one newly formed 3D pol-
ygon mesh (6200) from the determined coordi-
nates, wherein computing is performed inde-
pendently from to the decentralized processing
unit and in non-real-time priority processing; and
storing the computed at least one newly formed

3D polygon mesh (6200) in a storage module
(1400B) associated with the computer simula-
tion.

12. The computer system (1200) of claim 11, wherein a
second decentralized processing unit (1200A) ob-
tains the at least one newly formed 3D polygon mesh
(6200) data from the storage module (1400B), the
second decentralized processing unit (1200A) being
associated with a second simulated vehicle of the
computer-generated environment having a field of
view defined from a second user’s position within the
second simulated vehicle.

13. The computer system (1200) of any one of claims 9
to 12, wherein the processor module (1230) is further
for;

a) before clipping, determining that each of the
at least one 3D polygon mesh (6000) forms a
watertight mesh; and/or
b) before beginning the computer simulation,
loading the computer-generated environment
from a memory module (1200) and for identifying
one or more opened polygon meshes forming
non- watertight meshes in the computer-gener-
ated environment;
for each identified opened polygon mesh, at-
tempting to close the corresponding polygon
mesh and, if not possible, marking the corre-
sponding polygon mesh as un-damageable in
the storage module; and
prior to identifying the first plurality of rendering
faces, verifying that the at least one 3D polygon
mesh (6000) is not marked as un-damageable
in the storage module (1400A, 1400B).

14. The computer system (1200) of any one of claims 9
to 13, wherein the image generator module (1232)
is further for, after determination of the coordinates
by the processor module (1230), rendering at least
one temporary image for display comprising a dis-
tracting visual effect at the determined coordinates
at least until rendering the at least one damaged-
enhanced image is performed.

15. The computer system (1200) of any one of claims 9
to 14, wherein the image generator module (1232)
renders the second plurality of rendering faces by
further applying a damage texture, fading outwardly
from the coordinates and exceeding the effective ra-
dius (r1), on a subset of the second plurality of ren-
dering faces corresponding to surfaces previously
represented in at least the first plurality of rendering
faces.
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Patentansprüche

1. Verfahren (2000) zum Rendern von beschädigt-ver-
besserten Bildern in einer Computersimulation, die
eine computergenerierte Umgebung umfasst, wobei
das Verfahren während der Computersimulation
umfasst:

Bestimmen (2010) von Koordinaten eines virtu-
ellen Einschlags mit einem effektiven Radius
(r1) in der computergenerierten Umgebung;
Identifizieren (2020), an den Koordinaten, einer
ersten Mehrzahl von von dem virtuellen Ein-
schlag betroffenen Rendering-Flächen unter
Berücksichtigung des effektiven Radius (r1),
wobei die erste Mehrzahl von Rendering-Flä-
chen mit mindestens einem dreidimensionalen
(3D) Polygonnetz (6000) der computergenerier-
ten Umgebung verknüpft ist;
Beschneiden (2030) der ersten Mehrzahl von
Rendering-Flächen auf eine unter Berücksichti-
gung des effektiven Radius (r1) berechnete ma-
thematisch definierte Subtraktionsform (6010),
wobei die mathematisch definierte Subtrakti-
onsform (6010) vorzugsweise eine Kugel oder
ein Sphäroid ist, ausgedrückt durch eine einzige
mathematische Formel;
Berechnen (2040) einer zweiten Mehrzahl von
Rendering-Flächen (6022, 6024, 6026, 6210)
aus der beschnittenen ersten Mehrzahl von
Rendering-Flächen, wodurch mindestens ein
neu gebildetes 3D-Polygonnetz (6020) definiert
wird; und
Rendern (2050) mindestens eines beschädigt-
verbesserten Anzeigebildes, das eine Teilmen-
ge der zweiten Mehrzahl von Rendering-Flä-
chen umfasst, unter Verwendung einer visuellen
Textur, wobei die Teilmenge aus einem Sicht-
feld der Computersimulation bestimmt wird.

2. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach Anspruch 1, das zur Laufzeit
von einer dezentralisierten Verarbeitungseinheit
(1230) in einer begrenzten Anzahl von Millisekunden
durchgeführt wird, wobei die dezentralisierte Verar-
beitungseinheit (1230) mit einem simulierten Fahr-
zeug der computergenerierten Umgebung verknüpft
ist, wobei das Sichtfeld von der Position eines Be-
nutzers innerhalb des simulierten Fahrzeugs aus de-
finiert wird.

3. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach Anspruch 2, das ferner um-
fasst:

Berechnen des mindestens einen neu gebilde-
ten 3D-Polygonnetzes (6200) aus den ermittel-
ten Koordinaten in einer zentralen Verarbei-

tungseinheit (1500), wobei das Berechnen un-
abhängig von der dezentralen Verarbeitungs-
einheit (1230) und in einer Nicht-Echtzeit-Prio-
ritätsverarbeitung durchgeführt wird; und
dauerhaftes Aktualisieren eines mit der Simula-
tion verknüpften Speichermoduls (1400B) mit
dem mindestens einen neu gebildeten 3D-Po-
lygonnetz (6200).

4. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach Anspruch 3, ferner umfassend
das Laden der Daten des mindestens einen neu ge-
bildeten 3D-Polygonnetzes (6200) aus dem Spei-
chermodul (1400B) in eine zweite dezentralisierte
Verarbeitungseinheit (1200A) der Computersimula-
tion, wobei die zweite dezentralisierte Verarbei-
tungseinheit (1200A) mit einem zweiten simulierten
Fahrzeug der computergenerierten Umgebung ver-
knüpft ist, das ein zweites Sichtfeld aufweist, das
von der Position eines zweiten Benutzers innerhalb
des zweiten simulierten Fahrzeugs aus definiert
wird.

5. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach einem der Ansprüche 1 bis 4,
das ferner vor Beginn der Computersimulation um-
fasst:

Laden der computergenerierten Umgebung aus
einem Speichermodul (1400A, 1400B);
Identifizieren eines oder mehrerer geöffneter
Polygonnetze, die nicht wasserdichte Netze bil-
den, in der computergenerierten Umgebung;
für jedes identifizierte geöffnete Polygonnetz
Versuchen, das entsprechende Polygonnetz zu
schließen und, falls dies nicht möglich ist, Mar-
kieren des entsprechenden Polygonnetzes als
unbeschädigbar; und
vor dem Identifizieren der ersten Mehrzahl von
Rendering-Flächen, Überprüfen, dass das min-
destens eine 3D-Polygonnetz (6000) in der Da-
tenbank nicht als unbeschädigbar markiert ist.

6. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach einem der Ansprüche 1 bis 5,
das ferner vor dem Beschneiden (2030) das Bestim-
men umfasst, dass jedes der mindestens einen 3D-
Polygonnetze (6000) ein wasserdichtes Netz bildet.

7. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach einem der Ansprüche 1 bis 6,
das ferner nach dem Bestimmen (2010) der Koordi-
naten das Rendern mindestens eines temporären
Anzeigebildes mit einem ablenkenden visuellen Ef-
fekt an den bestimmten Koordinaten umfasst, zu-
mindest bis das Rendern des mindestens einen be-
schädigt-verbesserten Bildes durchgeführt wird.
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8. Verfahren (2000) zum Rendern der beschädigt-ver-
besserten Bilder nach einem der Ansprüche 1 bis 7,
bei dem das Rendern der zweiten Mehrzahl von
Rendering-Flächen ferner das Anwenden einer Be-
schädigungstextur umfasst, die von den Koordina-
ten nach außen verblasst und den effektiven Radius
(r1) überschreitet, auf eine Teilmenge der zweiten
Mehrzahl von Rendering-Flächen, die Oberflächen
entsprechen, die zuvor in mindestens der ersten
Mehrzahl von Rendering-Flächen dargestellt wur-
den.

9. Computersystem (1200) zum Rendern von beschä-
digt-verbesserten Bildern in einer Computersimula-
tion, die eine computergenerierte Umgebung um-
fasst, wobei das System umfasst:
ein Prozessormodul (1230) zum, während der Com-
putersimulation,

i. Bestimmen von Koordinaten eines virtuellen
Einschlags mit einem effektiven Radius (r1) in
der computergenerierten Umgebung;
ii. Identifizieren, an den Koordinaten, einer ers-
ten Mehrzahl von von dem virtuellen Einschlag
betroffenen Rendering-Flächen unter Berück-
sichtigung des effektiven Radius (r1), wobei die
erste Mehrzahl von Rendering-Flächen mit min-
destens einem dreidimensionalen (3D) Poly-
gonnetz (6000) der computergenerierten Um-
gebung verknüpft ist;
iii. Beschneiden der ersten Mehrzahl von Ren-
dering-Flächen auf eine unter Berücksichtigung
des effektiven Radius (r1) berechnete mathe-
matisch definierte Subtraktionsform (6010), wo-
bei die mathematisch definierte Subtraktions-
form (6010) vorzugsweise eine Kugel oder ein
Sphäroid ist, ausgedrückt durch eine einzige
mathematische Formel; und
iv. Berechnen einer zweiten Mehrzahl von Ren-
dering-Flächen (6022, 6024, 6026, 6210) aus
der beschnittenen ersten Mehrzahl von Rende-
ring-Flächen, wodurch mindestens ein neu ge-
bildetes 3D-Polygonnetz (6200) definiert wird;
und
wobei das Prozessormodul (1230) ein Bildge-
neratormodul (1232) umfasst zum, während der
Computersimulation,
v. Rendern mindestens eines beschädigt-ver-
besserten Anzeigebildes, das eine Teilmenge
der zweiten Mehrzahl von Rendering-Flächen
umfasst, unter Verwendung einer visuellen Tex-
tur, wobei die Teilmenge aus einem Sichtfeld
der Computersimulation bestimmt wird.

10. Computersystem (1200) nach Anspruch 9, bei dem
das Prozessormodul (1230) eine dezentrale Verar-
beitungseinheit umfasst, die mit einem simulierten
Fahrzeug der computergenerierten Umgebung ver-

knüpft ist, wobei das Sichtfeld von der Position eines
Benutzers innerhalb des simulierten Fahrzeugs aus
definiert wird und die dezentrale Verarbeitungsein-
heit i. bis iv. ausführt.

11. Computersystem (1200) nach Anspruch 10, bei dem
eine zentrale Verarbeitungseinheit (1500) dient zum:

Berechnen des mindestens einen neu gebilde-
ten 3D-Polygonnetzes (6200) aus den ermittel-
ten Koordinaten, wobei das Berechnen unab-
hängig von der dezentralen Verarbeitungsein-
heit und in einer Nicht-Echtzeit-Prioritätsverar-
beitung durchgeführt wird; und
Speichern des berechneten mindestens einen
neu gebildeten 3D-Polygonnetzes (6200) in ei-
nem mit der Computersimulation verknüpften
Speichermodul (1400B).

12. Computersystem (1200) nach Anspruch 11, bei dem
eine zweite dezentralisierte Verarbeitungseinheit
(1200A) die Daten des mindestens einen neu gebil-
deten 3D-Polygonnetz (6200) von dem Speichermo-
dul (1400B) erhält, wobei die zweite dezentralisierte
Verarbeitungseinheit (1200A) mit einem zweiten si-
mulierten Fahrzeug der computergenerierten Um-
gebung verknüpft ist, das ein Sichtfeld hat, das von
der Position eines zweiten Benutzers innerhalb des
zweiten simulierten Fahrzeugs aus definiert ist.

13. Computersystem (1200) nach einem der Ansprüche
9 bis 12, bei dem das Prozessormodul (1230) ferner
dient zum:

a) Bestimmen, vor dem Beschneiden, dass je-
des der mindestens einen 3D-Polygonnetze
(6000) ein wasserdichtes Netz bildet; und/oder
b) vor Beginn der Computersimulation, Laden
der computergenerierten Umgebung aus einem
Speichermodul (1200) und Identifizieren eines
oder mehrerer geöffneter Polygonnetze, die
nicht wasserdichte Netze bilden, in der comput-
ergenerierten Umgebung;
für jedes identifizierte geöffnete Polygonnetz
Versuchen, das entsprechende Polygonnetz zu
schließen und, falls dies nicht möglich ist, Mar-
kieren des entsprechenden Polygonnetzes in
dem Speichermodul als unbeschädigbar; und
vor dem Identifizieren der ersten Mehrzahl von
Rendering-Flächen, Überprüfen, dass das min-
destens eine 3D-Polygonnetz (6000) in dem
Speichermodul (1400A, 1400B) nicht als unbe-
schädigbar markiert ist.

14. Computersystem (1200) nach einem der Ansprüche
9 bis 13, bei dem das Bildgeneratormodul (1232)
ferner dazu dient, nach dem Bestimmen der Koor-
dinaten durch das Prozessormodul (1230) zumin-
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dest ein temporäres Anzeigebild mit einem ablen-
kenden visuellen Effekt an den bestimmten Koordi-
naten zu rendern, zumindest bis das Rendern des
zumindest einen beschädigt-verbesserten Bildes
durchgeführt wird.

15. Computersystem (1200) nach einem der Ansprüche
9 bis 14, bei dem das Bildgeneratormodul (1232) die
zweite Mehrzahl von Rendering-Flächen rendert, in-
dem es ferner eine Beschädigungstextur, die von
den Koordinaten nach außen verblasst und den ef-
fektiven Radius (r1) überschreitet, auf eine Teilmen-
ge der zweiten Mehrzahl von Rendering-Flächen an-
wendet, die Oberflächen entsprechen, die zuvor in
mindestens der ersten Mehrzahl von Rendering-Flä-
chen dargestellt wurden.

Revendications

1. Procédé (2000) de restitution d’images endomma-
gées et améliorées dans une simulation informati-
que comprenant un environnement généré par ordi-
nateur, le procédé comprenant, lors de la simulation
informatique :

la détermination (2010) de coordonnées, dans
l’environnement généré par ordinateur, d’un im-
pact virtuel ayant un rayon effectif (r1) ;
l’identification, (2020) aux coordonnées, d’une
première pluralité de faces de restitution affec-
tées par l’impact virtuel en considérant le rayon
effectif (r1), la première pluralité de faces de res-
titution étant associée à au moins un maillage
polygonal tridimensionnel (3D) (6000) de l’envi-
ronnement généré par ordinateur ;
le découpage (2030) de la première pluralité de
faces de restitution selon une forme de sous-
traction définie mathématiquement (6010) cal-
culée en tenant compte du rayon effectif (r1),
dans lequel la forme de soustraction définie ma-
thématiquement (6010) est de préférence une
sphère ou un sphéroïde exprimé(e) par une for-
mule mathématique unique ;
le calcul (2040) d’une deuxième pluralité de fa-
ces de restitution (6022, 6024, 6026, 6210) à
partir de la première pluralité découpée de faces
de restitution, définissant ainsi au moins un
maillage polygonal 3D nouvellement formé
(6020) ; et
la restitution (2050) d’au moins une image amé-
liorée et endommagée à afficher comprenant un
sous-ensemble de la deuxième pluralité de fa-
ces de restitution à l’aide d’une texture visuelle,
le sous-ensemble étant déterminé à partir d’un
champ de vision de la simulation informatique.

2. Procédé (2000) de restitution des images endom-

magées et améliorées selon la revendication 1, mis
en œuvre au moment de l’exécution par une unité
de traitement décentralisée (1230) en un nombre li-
mité de millisecondes, dans lequel l’unité de traite-
ment décentralisée (1230) est associée à un véhi-
cule simulé de l’environnement généré par ordina-
teur, dans lequel le champ de vision est défini à partir
de la position d’un utilisateur à l’intérieur du véhicule
simulé.

3. Procédé (2000) pour restituer les images endomma-
gées et améliorées selon la revendication 2, com-
prenant en outre :

au niveau d’une unité de traitement centralisée
(1500), le calcul de l’au moins un maillage po-
lygonal 3D nouvellement formé (6200) à partir
des coordonnées déterminées, dans lequel le
calcul est effectué indépendamment de l’unité
de traitement décentralisée (1230) et dans le
cadre d’un traitement prioritaire non en temps
réel ; et
la mise à jour de manière persistante d’un mo-
dule de stockage (1400B) associé à la simula-
tion avec l’au moins un maillage polygonal 3D
nouvellement formé (6200).

4. Procédé (2000) pour restituer les images endomma-
gées et améliorées selon la revendication 3, com-
prenant en outre le chargement, au niveau d’une
deuxième unité de traitement décentralisée (1200A)
de la simulation informatique, d’au moins un maillage
polygonal 3D nouvellement formé (6200) à partir du
module de stockage (1400B), la deuxième unité de
traitement décentralisée (1200A) étant associée à
un deuxième véhicule simulé de l’environnement gé-
néré par ordinateur ayant un deuxième champ de
vision défini à partir de la position d’un deuxième
utilisateur à l’intérieur du deuxième véhicule simulé.

5. Procédé (2000) pour restituer les images endomma-
gées et améliorées selon l’une quelconque des re-
vendications 1 à 4, comprenant en outre, avant de
commencer la simulation informatique :

le chargement de l’environnement généré par
ordinateur à partir d’un module de stockage
(1400A, 1400B) ;
l’identification des un ou plusieurs maillages po-
lygonaux ouverts formant des maillages non
étanches dans l’environnement généré par
ordinateur ;
pour chaque maillage polygonal ouvert identifié,
la tentative de fermer le maillage polygonal cor-
respondant et, si cela n’est pas possible, le mar-
quage du maillage polygonal correspondant
comme non endommageable ; et
avant d’identifier la première pluralité de faces
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de restitution, la vérification que les un ou plu-
sieurs maillages polygonaux 3D (6000) ne sont
pas marqués comme non endommageables
dans la base de données.

6. Procédé (2000) pour restituer les images endomma-
gées et améliorées de l’une quelconque des reven-
dications 1 à 5, comprenant en outre, avant le dé-
coupage (2030), la détermination du fait que chacun
de l’au moins un maillage polygonal 3D (6000) forme
un maillage étanche.

7. Procédé (2000) pour restituer les images endomma-
gées et améliorées de l’une quelconque des reven-
dications 1 à 6, comprenant en outre, après avoir
déterminé (2010) les coordonnées, la restitution d’au
moins une image temporaire à afficher comprenant
un effet visuel distrayant aux coordonnées détermi-
nées au moins jusqu’à ce que la restitution de l’au
moins une image endommagée et améliorée soit ef-
fectuée.

8. Procédé (2000) pour restituer les images endomma-
gées et améliorées selon l’une quelconque des re-
vendications 1 à 7, dans lequel la restitution de la
deuxième pluralité de faces de restitution comprend
en outre l’application d’une texture endommagée,
l’estompage vers l’extérieur à partir des coordon-
nées et dépassant le rayon effectif (r1), sur un sous-
ensemble de la deuxième pluralité de faces de res-
titution correspondant à des surfaces précédem-
ment représentées dans au moins la première plu-
ralité de faces de restitution.

9. Système informatique (1200) pour restituer des ima-
ges endommagées et améliorées dans une simula-
tion informatique comprenant un environnement gé-
néré par ordinateur, le système comprenant :

un module processeur (1230) pour, pendant la
simulation informatique :

i. déterminer des coordonnées, dans l’envi-
ronnement généré par ordinateur, d’un im-
pact virtuel ayant un rayon effectif (r1) ;
ii. identifier, au niveau des coordonnées,
une première pluralité de faces de restitu-
tion affectées par l’impact virtuel en consi-
dérant le rayon effectif (r1), la première plu-
ralité de faces de restitution étant associée
à au moins un maillage polygonal tridimen-
sionnel (3D) (6000) de l’environnement gé-
néré par ordinateur ;
iii. découper la première pluralité de faces
de restitution selon une forme de soustrac-
tion définie mathématiquement (6010) cal-
culée en tenant compte du rayon effectif
(r1), dans lequel la forme de soustraction

définie mathématiquement (6010) étant de
préférence une sphère ou un sphéroïde ex-
primé(e) par une formule mathématique
unique ; et
iv. calculer une deuxième pluralité de faces
de restitution (6022, 6024, 6026, 6210) à
partir de la première pluralité découpée de
faces de restitution, définissant ainsi au
moins un maillage polygonal 3D nouvelle-
ment formé (6200) ; et

le module processeur (1230) comprenant un
module générateur d’images (1232) pour, lors
de la simulation informatique :
v. restituer au moins une image améliorée en-
dommagée pour affichage comprenant un sous-
ensemble de la deuxième pluralité de faces de
restitution à l’aide d’une texture visuelle, le sous-
ensemble étant déterminé à partir d’un champ
de vision de la simulation informatique.

10. Système informatique (1200) selon la revendication
9, dans lequel le module processeur (1230) com-
prend une unité de traitement décentralisée asso-
ciée à un véhicule simulé de l’environnement généré
par ordinateur, dans lequel le champ de vision est
défini à partir de la position d’un utilisateur dans le
véhicule simulé, l’unité de traitement décentralisée
effectuant i. à iv.

11. Système informatique (1200) selon la revendication
10, dans lequel une unité de traitement centralisée
(1500) est destinée à :

calculer l’au moins un maillage polygonal 3D
nouvellement formé (6200) à partir des coordon-
nées déterminées, dans lequel le calcul est ef-
fectué indépendamment de l’unité de traitement
décentralisée et dans le cadre d’un traitement
prioritaire non en temps réel ; et
stocker l’au moins un maillage polygonal 3D
nouvellement formé (6200) calculé dans un mo-
dule de stockage (1400B) associé à la simula-
tion informatique.

12. Système informatique (1200) selon la revendication
11, dans lequel une deuxième unité de traitement
décentralisée (1200A) obtient les données d’au
moins un maillage polygonal 3D nouvellement formé
(6200) à partir du module de stockage (1400B), la
deuxième unité de traitement décentralisée (1200A)
étant associée à un deuxième véhicule simulé de
l’environnement généré par ordinateur ayant un
champ de vision défini à partir de la position d’un
deuxième utilisateur à l’intérieur du deuxième véhi-
cule simulé.

13. Système informatique (1200) selon l’une quelcon-
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que des revendications 9 à 12, dans lequel le module
processeur (1230) est en outre destiné à :

a) avant le découpage, déterminer le fait que
chacun de l’au moins un maillage polygonal 3D
(6000) forme un maillage étanche ; et/ou
b) avant de commencer la simulation informati-
que, charger l’environnement généré par ordi-
nateur à partir d’un module de mémoire (1200)
et identifier un ou plusieurs maillages polygo-
naux ouverts formant des maillages non étan-
ches dans l’environnement généré par
ordinateur ;
pour chaque maillage polygonal ouvert identifié,
tenter de fermer le maillage polygonal corres-
pondant et, si cela n’est pas possible, marquer
le maillage polygonal correspondant comme
non-endommageable dans le module de
stockage ; et
avant d’identifier la première pluralité de faces
de restitution, vérifier que l’au moins un maillage
polygonal 3D (6000) n’est pas marqué comme
non-endommageable dans le module de stoc-
kage (1400A, 1400B).

14. Système informatique (1200) selon l’une quelcon-
que des revendications 9 à 13, dans lequel le module
générateur d’images (1232) est en outre destiné,
après détermination des coordonnées par le module
processeur (1230), à restituer au moins une image
temporaire à afficher comprenant un effet visuel dis-
trayant aux coordonnées déterminées au moins jus-
qu’à ce que la restitution de l’au moins une image
endommagée et améliorée soit effectuée.

15. Système informatique (1200) selon l’une quelcon-
que des revendications 9 à 14, dans lequel le module
générateur d’images (1232) restitue la deuxième
pluralité de faces de restitution en appliquant en
outre une texture de dommage, s’estompant vers
l’extérieur à partir des coordonnées et dépassant le
rayon effectif (r1), sur un sous-ensemble de la
deuxième pluralité de faces de restitution correspon-
dant à des surfaces précédemment représentées
dans au moins la première pluralité de faces de res-
titution.
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